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I. INTRODUCTION

An experimental research program was carried out to

obtain data on environmental conditions within a shelter, and

on the temperature distribution in the soil surrounding the

shelter, under conditions of simulated shelter occupancy. The

work was done as a contribution toward the broader objective

of devising reliable analytical means for predicting minimum

requirements of mechanical equipment necessary for removing

heat and moisture in order to sustain human life in fallout

shelters, The variables that :zcre investigated include the

rate of ventilation using a controlled supply of conditioned

air, and the size and shape of the shelter enclosure. Tem-

peratures in the soil surrounding the shelter were essentially

uniform at the beginning of each experiment, but the temperature

level was subject to seasonal variations. The project was

initiated by the Office of Civil Defense under Contract No.

OCDD0S-62-227, and was continued under Subcontract No.

B-64219-US from the Stanford Research Institute.

2. EXPERIMENTAL SHELTER

The experimental shelter was built inside a large

unheated building at Gary, Indiana, with the floor of the

shelter 4 ft. above ground leve-l, and was covered completely

with a uniform sand. It approximated an idealized heat

transfer model of a box of rectanguldr cross-section, with

impermeable walls, that is surrounded by soil in a manner
lIT RESEARCH INS I ITUTE
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typical of underground structures. The initial (largest-size)

1' shelter had a floor area of 21 x 21 ft. and was 7 ft. high.

It may be -•'vsalized as a square array of nine cells with no

internal partitions, each cell being a seven-foot cube. It

9 was constructed of bolted steel members and could be altered

in size by uncovering part of the shelter, physically iemoving

I portions of the structure in units of 7-foot cubes, and re-

covering the remaining structure with sand. Experiments were

conductcd on shelters having floor areas of 21 x 21, 21 x 7,

J and 7 x 7 feet.

i 3. SIMULATION OF HUMAN OCCUPANCY

Each of the experimental shelters was loaded with

individual simulated occupants, at a density of five occupants

per cell, which provided approximately 10 ft2 of floor space

I per occupant. Each simulator generated heat at a constant

rate of 400 Btu/hr (117 watts), and water for simulating

perspiration was fed to each unit at a rate which varied as

a prescL> bed function of the dry-bulb temperature inside the

shelter. This was done by a metering system that involved

I an individual pump and water supply for each simulated

i• occupant.

4. THERMOC( IPLE INSTRUMENTATION

BApproximately 200 thermocouples were installed for

the purpose of recordA.ng the variation of temperature with

lIt RESEARCH INSIITUTE
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time inside tCc shelter, and in the soii surrounding the

shelter. The majority of these were embedded in the soil and,

since the shelter structure was symmetrical, were concentrated

in a typical sector. Thermocouples inside the shelter were

used for recording dry-bulb and wet-bulb temperatures of the

shelter air at several locations, and of the inside surfaces.

5. TREATMENT AND SUPPLY CONDITIONS OF VENTILATION AIR

For each shelter size, experiments were conducted with

no ventilation ;'nd with constant ventilation rates of 3, 7,

and 15 cfm per occupant. The ventilation air was recirculated

but was conditioned externally to a supply condition represen-

tative of outdoor air on a severe summer day. This condition

was a constant dew-point temperature of 69'F and a dry-bulb

temperature that varied sinusoidally between 75'F and 95°F

during each 24-hour period. The air-conditioning equipment

consisted essentially of a capillary-type air washer yielding

nearly saturated air at 69'F, followed by a reheat coil whose

output was governed by a programmed controller to provide the

variable dry-bulb temperature. At the conclusion of an experi-

ment, cold ait was circulaced through the shelter to attain

a uniform temperature distribution in the shelter and sur-

rounding soil before another run was begun.

6. PERIOD OF TFST

Each experiment was continued uninterrupted for a

period of fourteen days, or until the effective temperature
WroT RESEARCH INS FITUTE
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in the occupied space reached 90'F, whichever occurred first.

Most tests ran the full two weeks, but several were terminated

earlier when the inside temperatures no longer changed signi-

ficantly, All experiments that involved ventilation were

started with the supply air aL 85*F (the mid-point) on the

rising part of the daily cycle. The shelter was sealed during

the entire test period.

7. RESULTS AND CONCLUSIONS

The results of this experimental program, aside from

the incidental measurements of the thermal properties of the

sand that was used to cover the shelter, are sufficient test

data for a complete mapping of the variation of temperature

as a function of both position and time for each of the experi-

ments. All the temperaLt e danta are tabulated it) the report,

and environmental temperatures in the shelter are also shown

graphically. Certain major effects, however, may be mentioned:

While the floor area per occupant was the same in each

of the three shelters, the total surface available for heat

transfer (floor, walls, ceiling) increased from around 33 ft 2

per occupant in the largest shelter to nearly 59 ft- in the

smallest. The effect of total surface area per occupant was

very apparent in the experiments with no ventilation. These

exhibited! temperature rises which were very nearly in inverse

proportion t- available surface areas.

The ci. of iofitial L ,eiiperature was shown

III RESEARCH iNS ITUTE
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by two experiments on the large shelter, both with the same

ventilation rate of 3 cfm per occupant. When the initial

temperatures were in the upper-sixties, it took only 20 hours

to reach an effective temperature of 85*F in the shelter;

with initial temperatures in the mid-fifties, it took more

than six times longer. All experiments on the small shelter

were conducted with initial temperatures below 50'F, and an

effective temperature of 85'F was not reached in any of them

during the two-week test periods.

All the experiments that involved ventilation showed

that conditions in the shelter changed very little after the

first week. With a rate of 3 cfm per occupant, the tempera-

ture rise during the second week was only of the order of 2

to 3°F, and for higher ventilation rates the rise was even

smaller. The daily variation in the temperature of the

shelter air was always only a fraction of the variation in

the supply air, but the temperature swing increased with

increasing ventilation rates.

In real underground structures, permeable walls, and

the migration and possible condensation of moisture beyond

the shelter walls wound tend to increase che rate of heat

transfer.

lIT RESEARCH INSrITUTE
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r FOREWORD

Thirteen simulated occupancy tests, utilizing a

specially-constructed experimental fallout shelter were

carrieC out by the staff of the lIT Resea ch Institute to
I

determine temperature variations inside the shelter and in

f the soil surrounding the shelter.

The work was initiated by the Office of Civil Defense

r in June of 1962 under Contract No. OCD-OS-62-227, and was

continued from September 1964 to July 1965 under Subcontract

No. B-64219-US from the Stanford Research Institute. The

"planning and early experiments were conducted under the

technical direction of Mr. Franik C. Allen of the Office of

[ Civil Defense, and the technical monitor for the latter

phase was Mr. C. A. Grubb of the Stanford Research Institute.

Personnel of the lIT Research Institute who have con-

( tributed to this effort include Dr. R. A. Budenholzer H. Liu,

C. Groom, A. Longinow, and S. Noreikis.

Respectfully ubmitted

A. Goldsmith
AGipj Research Engineer

I APPROVED:

W. J. Christian, Manager
Heat and Mass TransferI p

I. B. Fieldhouse, Kssistant Director
Mechaiiics Research Division
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ABSTRACT

An experimental program was carried oui: to determine

the variation of air temperatures in a fellout shelter, and

the temperature distribution in the soil surrounding the

shelter, under conditions of simulated occupancy with several

different rates of ventilation. The results of the experi-

ments are given in this report.

An experimental shelter having a floor area of

21 x 21 ft an(. a height of 7 ft was built above ground level

inside an existing building, and was covered with a uniform

sand to represent an underground structure. Thermocouples

were located in the sand surrounding the shelter, and within

the shelter, for the purpose of recording the variation oi

temperatures with time. Simulated occupants within the

shelter generated heat at a constant rate, and liberated

moisture as a prescribed function of the inside temperature.

Equipment located outside the shelter was used to ventilate

the shelter at constant rates of 0,3,7, and 15 cfm per

occupant, using air that has been conditioned to represent

outdoor air on a severe summer day.

The original shelter was subsequently reduced in

size to floor areas of 21 x 7 ft and 7 x 7 ft, and experi-

ments at the above ventilation rates were repeated for each

shelter size. The same population density was maintained

in the three shelters;, with approximately 1I0 ft2 of floor

lIT RESEARCA INStITUTE
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I area per occupant. Most experiments were continued for a

two-week period, but some were terminated earlier either

when the effective temperature reached 90*F, or conditions

! j in the shelter no longer changed significantly.

I
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I. INTRODUCTION

Ain essential element for the habitability of fallout

shelters, in addition to the scavenging of carbon dioxide and

the supply of sufficient oxygen for breathing, is the elimina-

tion of heat and moisture generated by the occupants. For

lengthy periods of occupancy uinder severe summer conditions, in

geographical areas covering a great portion of the United

States, the removal of metabolic heat is the most critical

factor in preserving life, and the minimum equipment require-

ments for shelters are dictated by heat transfer considera-

tions rather than by any other, For the most severe cases

in the southern part of the country, equipment may be required

to provide artificial cooling and dehumidification. In other

localities, simple ventilation with outdoor air may be suffi-

cient. Depending on the ventilation requirements, electrical,

mechanical, or human power may be employed.

If a large-scale national. shelter program is considered,

differences between these possibilities imply great economic

considerations. Were it not for these considerations, it would

be safest to assume that the walls of a shelter and the sur-

rounding soil play no part in the heat balance for the occupied

space, and to provide for the disposal of the entire heat load

by other means. If, on the othe:ý hand, the loss of heat thirough

the walls and the surrounding soil is to be considered, it is

evident that the equipment requirements would be governed to

some extent by the nature of the structure itself and of the

soil. Various types of soils differ markedly in their thermal.
1II RESEARCH INS IITUTE

I



properties which are, in turn, greatly affected by the

moisture content. Similarly, the walls of a shelter structure

may vary not only in thickness and thermal properties of the

material, but also in their permeability to water vapor that

may constitute an effective means for heat transfer. Most

important, however, is the fact that in order to utilize the

heat-sink capability of the structure and surrounding soil

to maintain tolerable conditions within the shelter with the

minimum expenditure for mechanical equipment and power, re-

liable analytical procedures are required for predicting the

environment within a shelter for various structures and soils,

and for given initial and ambient conditions. Since the

phenomena of heat and moisture transfer from such structures

are complicated, any proposed analytical procedures must be

verified by experiments.

A number of different approaches are possible to the

problem of obtaining experimental data on shelter environment

for various conditions, and each approach has certain advan-

tages and disadvantages. Among these possibilities are Eull-

scale field tests on underground shelters, similar tests on

above-ground shelters, experiments utilizing small-scale one-

dimensional or three-dimensional models, or specially-con-

structed idealized full-scale shelters.

When the present program was planned initially, it was

intended to construct an idealized family-size shelter as

the largest test unit, and then to proceed to smaller-scale

units of one-half and one- quarter size. With such relatively

small models, it was further intended to vary the type of



construction (steel of concrete), the geomecric ccnfiguration

(rectangular orsemi-cylindrical), and the type of soil. After

discussions with technical representatives from the Off'-.e of

Civil Defense, in light of the increasing emphasis on mass

shelters and before construction of ar experimental unit began,

it was decided to forego alterations of the above paramete.rs

for the -;ake of working with shelters of greater size that

would be more representative models of mass shelters. Ihe

experimental work one on the latter is the subject of this

report, and it is hoped that the test results will be he!pful

in substantiating current analytical procedures for predicting

the thermal environments in undpcground structures.

The following sections of this report are devoted to

detailed descriprLons of the experimental shelter, the mechanical

equipment that was used for moving and conditioning ventilation

air to represent severe sumtrnrr intake cond , be si.'ad

occupants within the shelter. and the several typeA ,'.,f in-.:rd-

men, ation. Subsequent parts of the report include the results

that were obtatned for simulated occupancy tests utilizing

ventilat'on rates of 0, 3, 7, nnd 15 "*" per occ,,pant Fn.- narh

of three shelter sizes. These shelters had floor areas of

21 x 21, 21 x 7, and 7 x 7 feet. The effect of initial soil

temperature on environmental. conditions within the shelver is

cLearly indicated. Graphical and tabular data are given t;.:.

show the variation of dry-bulb, wet-bulb, and effective tem-

perature in the shelter as functions of time of occupancy,

and extensive temperature data are given to show the tEU,,PI'ju-

Lure distribution in the soil surrounding the sheolti.

3



II DESCRIPTION OF EXPERIMENTAL SHELTER

A. Shelter Structure

The two primary considerations in the design of

the fallout shelter were to use a structurE of simple and

well-defined geometric configuration, and to provide

structural versatility that would permit the alteration

of its size and shape. This latter consideration, together

with the high water level below the surface of the ground

at the site, led to a structure which was entirely above

ground level. Such construction also permitted using a

uniform soil all around the shelter.

The site of the shelter was one of a group of

large buildings formerly used as a steel rolling mill,

located at the southern end of Lake Michigan in Gary,

Indiana. The particular building that housed the

shelter is approximately 225 feet long by 70 feet wide,

with a height of 30 feet to the lowest members of the roof

truss and about 60 feet to the root. The entire floor

area was clear and unobstructed, and the center portion

of the floor Consisted of a 26-foot-wide concrete driveway.

The shelter was located centrally with respect to the

building over the concrete driveway, and the base of the

soil covering the shelter extende.l to cover the 70 foot

width of the building. The building was unheated.

III RE!,EARCH IN IITUTE
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The experimental shelter was constructed to approximate

I an idealized heat-transfer model of a box of rectangular

cross-section that is surrounded on all sides by a uniform soil.

The full-size shelter had a floor area of 21 x 21 feet and a

3 height of 7 feet, as shown schematically in Fig. 1. It may

be visualized as a square array of nine cells, each cell being

I a seven foot cube. The 3tructure rested upon concrete footings

(18 x 18 in.) spaced on 7-foot centers, and each footing

supported a structural column The floor of the shelter

was 4 feet above the floor of the existing building as indicated

in Fig. 1, and the soil cover above the roof of the shelter

I was 3 feet to represent a mass loading above the occupied

space of about 300 pounds per square foot. The soil atop

the roof was covered with a 2-inch layer of glass-fiber

3 insulation having a thermal conductivity of approximately

0.30 Btu in/hr ft 2 ,F.

I The entire shelter structure was made of steel, and

i consisted of structural members and wall, floor, and roof

panels of 1/4-inch steel plate. In order to approach the

3 ideal condition of a body having simple boundari. :, alL

outside surfaces of the structure were flat, and there were

I no protrusions into the soil chat could act as thermal fins,

except for the concrete footings upon which the structure rested.

All joints between adjacent panels were caulked to prevent

I moisture migration from the occupied space into the soil.
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Aside from the structural columns and bracing members, there

were no partitions between the cells within the shelter.

A major consideration in the design of the shelter

structure was to make it readily adaptable to subseqjent

changes in size and shape. All connections in the structure,

both of load-bearing members and of wall panels, were

designed in such a manner that one or more cells coule

be removed completely and the space back-filled with soil

so that the remaining structure would be as if it were

the only structure built. Only the isolated concrete

footings would remain at a distance of at least 7 feet

from the remaining shelter, and these would have no

influence on the heat transfer from the shelter. Experiments

were conducted utilizing three of the possible configurations

as shown schematically in Fig ?. The total weights of steel

in these three structures were 30,000 lb., 14,0001b., and

6,000 lb., respectively.

Access to the shelter was provided by a 30-inch

diameter manhole located in the roof of the cell which

constituted the smallest-size shelter. The manhole was

provided with a gasket and steel-plate cover to prevent

leakage of air during a test. In order to simulate a condition

of no entry, and to minimize thermal discontinuities, a

3 x 3 foot bo)- of plywood was set over the manhole to keep

out the soil which covered the roof, and the box was filled
with sandbags during an experiment.
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The original outside wall of the ultimate one-cell

f shelter, which was the only wall to remain undisturbed through-

out the structural alterations, was provided with the means

I for connecting 10-inch diameter ducts for the ventilation

g air, and several thin-wall conduits to carry electric power

lines, instrumentation wires, and plastic tubes for feeding

water to the simulated occupants within the shelter. A

photograph of the shelter during erection of the structural

members is shown in Fig. 3, and others of the completed struc-

ture are shown in Figs. 4 and 5. The latter clearly shows

the relative locations of the utility conduits that connected

the shelter to the instrumentation hut in :he foreground. A

similar photcgraph of the soil-covered shelter is shown in

I Fig. 6.

3 B. Soi! Cover

The shelter structure was entirely surro:inded by

Ssoil, as shown schematically in Fig. 1, and the covering

was accomplished in two steps in order to permit the plac-

I ing of thennocouples in the soil. After thermocouple

supports were suspended between the concrete footings, as

described below in Section IV-A, the soil below floor level

3 was poured to the extent shown in Fig. 3 to 5. Special care

was taken to shape the sand mound before the floor plates of

m the shelter were laid, to assure that no void spaces would

be created subsequently between the floor plates and the soil.
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Figure 3. STRUCTLRAL SKELETON OF SHELTER
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Figure 4. VIEWS OF SHELTER STRUCTURE
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The bulk of the soil to cover the shelter was brought in

at a later time, after completion of the structure and

instrumentation.

The so"! used to cover the shelter was a sand of uni-

form consistency native to the area of Gary, Indiana. In the

as delivered condition, the sand had a moisture content of

5.5% (weight per cent on dry basis). Subsequent checks on

the distribution of moisture content as a function of distance

from the shelter enclosure were made at the conclusion of each

series of experiments, when the shelter underwent structural

modification. It was found that the moisture content was

less than 0.5% immediately adjacent to the shelter enclosure

(within one foot or less), and also at the exposed surface.

Through the bulk of the sand, however, the moisture content

was fairly stable at around 3.5%.

Measurements were made to determine the thermal con-

ductivity, density, and specific heat of the soil at room

temperature. Thermal conductivity was measured at three

different moisture contents by means of a guarded hot-plate

apparatus (ASTM Desig. C177) using 1-inch thick samples that

were sealed in a plastic-sheet envelope to prevent the evapora-

tion of moisture. Although the migrafion of moisture, even

within the test apparatus, is not completely avoidable, this

effect was minimized by performing the measurements with a

small temperature difference between the hot and cold faces of

the sample. No significant changes in apparent conductivity
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with time were noted while the samples were in the test ap-

r paratus. The conductivity measurements were made at apparent

densities corresponding to each moisture content, and the

[ results are shown in Fig. 7.

The density of the moist sand was determined by

measuring weight and apparent volume. The latter was taken

as the volume occupied by the sand after its container was

tapped on a hard surface until no further settling occurred.

The variation of apparent density with moisture content is

shown in the upper portion of Fig. 7, where the curve repre-

sents the average of about 20 measurements that exhibited a

scatter of about +5%. It may be mentioned that the slight

reduction in the apparent density of the moist sand with in-

creasing moisture content resulted from the fact that the

moist sand did not flow freely but tended to be lumpy. When

such sand is poured, as when the shelter was covered, it

contains a greater volume of void spaces than a dry sand, and

thus exhibits a lower apparent density.

Specific heat of the dry sand was measured by the so-

called "drop-method" or "method of mixtures" using an adiabatic

water calorimeter. Wetting of the sample was avoided by en-

closing the sand in a water-tight capsule and then correcting

the measured results for the heat capacity of the capsule. The

specific heat of the dry sand at room temperature was found

to be 0.17 Btu/ilbF. Values for moi.st sand may be evaluated

"I
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I according to the proportion by weight of the two components

f by considering a mixture of dry sand and water;(I)* that is:

S~~0.17 + r i
SC(mixt.) - 01+ r (1)

where r =weight of moisture in sampleweight ofdry sand in sample

C. Instrumentation Hut

A utility hut for housing the mechanical equipment,I

meters, and instruments was built within the building that

housed the shelter, at a distance of 25 feet from the shelter

wall (see Fig. 5 and 6). The hut was 24 x 12 feet and was

divided into two 12 x 12 foot rooms. One room contained the

air-conditioning equipment and all the controls necessary for

its operation; the other contained the apparatus for supplying

water to the simulated occupants, the meters, recording in-

f struments, and other equipment required for the operation of

the shelter. These will be described in detail later.

r III. AIR-CONDITIONING SYSTEM

The air-conditioning system was designed and constructed

f to serve a double prupose. Its primary function was to provide

ventilation air for the shelter, at pre-selected coaistant rates,

in a condition that was to simulate outdoor air on a typical

severe summer day. This simulation included the cyclic diurnal

I *Superscripts refer to references listed at the end of
the report.
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variatioa of the outdoor dry-bulb temperature. Its second

function was to cool the shelter and the surrounding sand

mass after the conclusion of each simulated-occupancy experiment

in order to approach a uniform temperature distribution through

the soil before a subsequent experiment was begun. The con-

dition of the supply air that was used to ventilate the shelter

during the experiments is described in the following paragraphs,

and a description of the mechanical equipment follows.

A. Condition of Ventilation Air Supplied to Shelter

Selection of the condition -f the air used for ventilat-

ing the shelter was made on the basiL of the following con-

siderations: first, to impose air conditions that are typical

of an extreme hot and humid summer day; and secondly, to be

able to describe time variations in the condition of the supply

air in a simple manner.

A brief investigation was conducted of climatological

data at several of the warmer population centers in the United

States. Some typical data on hot and humid sumner conditions

that occurred during the year 1961 in W.shington, D.C., Dallas,

New Orleans, and Atlanca are shown in Fig. 8. These were

: elected on the basis of high effective temperatures that

extended, with relatively small variations, for at least

several days. Hence for a continuous 14-day period these con-

ditions may be considered as extreme. It may be noted from

Fig. 8 that the highest and lowest dry-bulb temperatures are

offset from one another by about 12 hours, while the dew-point

III RESEARCH INS IITUTE
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temperature varies relatively little throughout the day.

Maximum, minimum, and daily average temperatures based on

Fig. 8 are stmmarized in Table I.

On the basis of the above data as a guide, the

temperature-humidity cycle that was selected for the ventilation

air supplied to the shelter consisted of a sinusoidal variation

of the dry-bulb temperature, together with a constant dew-point

temperature. The dry-bulb temperature at any time may be

represented by the following equation:

tdb = 85 + 10 sin - T

where tdb = dry-bulb temperature, 'F

T = time from start of test, hr.

Thus the dry-bulb temperature of the supply air varied during

each 24-hour period between a maximum of 95*F and a minimum

of 750 F. The dew-point temperature was maintained constant

at 69 0 F. These conditions of the ventilation air are shown

in the lower right corner of Fig. 8.

B. Air-Conditioning Equipment

The air-conditioning equipment was located in the

instrumentation hut aad consisted of the following basic

components:

(a) A package water chiller of nominal 7-ton

capacity (Dunham-Bush Model No. PC7.5L)

(b) Storage tanks for hot and chilled water

lIT RESEARCH INSTITUTE
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(c) A capillary-cell air washer (Air and Refrigeration

Corp. size 1-I, horizontal)

(d) A circulating water pump (Bell and Gossett

No. 81-SEC)

(e) A centrifugal blower driven by a constant-speed

motor.

(f) An electric reheat coil in the supply duct

(Chromalox No. MT 390A)

(g) Controls

Treatment of the ventilation air to achieve the desired

condition of constant dew-point temperature and sinusoidal

variation of the dry-bulb temperature was achieved in two steps:

The air fir.,- passed through the air washer from which it was

discharged in the saturated state; then it passed through the

reheat coil which served to increase the dry-bulb temperature.

The temperature of the spray water in the washer was controlled

to maintain the temperature of the saturated air leaving the

washer at 69'F, while the rate of heat generation in the rehcat

coil was modilated to cause the sinusoidal variation in dry-bulb

temperature.

The basic water circuit consisted of the chiller,

storage tanks for hot and cold water, automatically-controlled

mixing valves, and the capillary-type washer. A schematic

layout of the air-conditioning system is shown in Fig. 9 and a

photograph of the mechanical equipmen•t in F*g. 10. Water in

the cold-water tank was maintained at temperatu-cs of 37 42'F

IfT RESEARCH INSTITUTE
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!
by an immersed "on-off" thermostat which actuated the chiller.

f The hot water was maintained at around 100*F in a similar manner

by a thermostat activating an electric immersion heater. A

temperature-sensing element was located in the air stream

between the discharge of the washer and the intake of the blower.

The signal from this sensor, through an electronic circuit,

served to control the settings of motorized water-mixing valves

that regulated the temperature of the water reaching the spray

nozzles in the washer so as to cause an air discharge temperature

of 69°F at the washer exit. The capillary cell in the washer

was 20 x 20 x 8-in. thick, and was followed by a 20 x 20 x 2-in.

thick glass-mat eliminator. Air and spray water ran concurrently

through the washer, and the extent of saturation of the air

was such that no discernible difference could be measured

bwtween dry-bulb and wet-bulb temperatures at the discharge of

the washer, where the sensing element of the control was located.

The major components of the air circuit, also shown

in Fig. 9, were the washer, a circulating blower, a reheat coil,

and air-distributing ductwork including an orifice section in

the return line. The system processed 100 per cent recirculated

air. A daily sinusoidal variation in the dry-bulb temperature

of the supply air was achieved by modulating the rate of heat

generation in the electric reheat coil, which was located im-

mediately downstream of the blower. This was achieved by an

automatic control circuit consisting of the following basic

components:
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(a) A three-function program controller (Chronotrol

Model 7410)*

(b) A silicon-controlled rectifier (Series 620 power

controller)*

(c) A resistance-wound temperature-sensing element

(Model A 2676)*

The resistance-would element was located in the air

supply duct at its point of entry into the shelter (see Fig. 9).

It was the function of the controller to regulate the power

to the reheat coil in such a way that the temperature sensed

by this resistance element at any time would correspond to

the control set-point at that time. The position of the

control set-point at any time was determined by a cam-follower

riding on a rotating cam. The latter, in turn, was driven by

a clock motor at one revolution per day, and its shape was

cut so as to impart the necessary sinusoidal variation to the

follower in order to achieve the desired dry-bulb temperature

variaticn.

Ventilation air was supplied to the shelter at a

constant rate during the entire length of an experiment, and

the required rates of air flow covered a wide range. The

lowest total flow rate for the one-cell shelter was only 15

cfm, while the highest flow rate for the 9-cell shelter was

675 cfm. Control of the flow rate was achieved by a combination

*by Barber-Colman Company

liT RESEARCH INSTITUTE

24



SHELTER '

DB 
temp. 

senso

return duct -I-supply duct

) -water Conroler

-chillerhonto

waterI wasertank tank v

4• 1 - - - dampers

DP temp. sensor-

\•k--blowerreatci

ý --- pUM-pr washer

kig. 9. SCHEMATIC LAYOUT OF AIR-CONDITIONING SYSTEM

25

..-



IT
12 x 6 in. dutlet

SI ,

12 x 6fin. intake

18,.

I I
I I

t 2 I

Return Supply

I I

i I
V!

Fig. 9A. SCHEMATIC LAYOUT OF AIR DISTRIBUTION

SYSTEM INSIDE SHELTER

26

- - -



U

I
I

I
I
I
V
'I

r
I
I
I

I Figure 10. �2G1�!L2F AIR�CONDITIO1�ING EQUII'I4ENT

I
I
I
I
I

27

I
a(1�, , 

F



of two methods: In order to make gross changes, the blower

speed was changed by use of different-sized pulleys to connect

the blower to the constant-speed motor; accurate settings were

then obtained by manipulating dampers in the supply duct and

in the bypass duct (see Fig. 9). The rate of flow was measured

by a sharp-edged orifice located in a straight run of the return

duct.

The air distribution system inside the shelter is

shown schematically in Fig. 9A. The supply duct ran along

one wall at an elevation of about 6 feet, while the return

duct ran along the opposite wall at an elevation of about

1 foot. One supply-air outlet and one return-air inLake were

provided for each row of cells as indicated on the sketch.

When the size of the shelter was reduced, there were only a

single supply opening and a single return opening.

IV. INSTRIMENTATION AND CONTROL

Data obtained in the course c-. this experimental

program ý<ere essentially temperatures, both of the soil sur-

rounding the shelter and of the environment within the shelter,

while the shelter was occupied by simulated people and ventilated

at fixed rates. A detailed description of the layout of

ýemperature sensors for each of the three shelter configurations

is given in the following paragraphs, followed by a description

of the device used to mtasure air conditions inside the shelter,

and of the recording instrument.
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A. Soil Temperatures

A number of thermocouples were distributed in the

soil in order to measure the temperature variation with time.

Since the shelter structure was symmetrical, it was decided

to place all the soil thermocouples in one typical sector,

rather than to disperse them around the entire shelter. The

location of cross-sectional planes in which thermocouples

were placed is indicated in the schematic p'an view of the

shelter shown in Fig. 11, Planes B-B and C-C are parallel to

each other and run along the centerlireb of their respective

rows of cells. Plane D-D extends diagonally outward through

a corner of the shelter. The thermocouple layout is illustrated

in detail in the elevation views of these cross-sectional planes,

in Figs. 12, 13, and 14. These figures also show the numbering

system used to identif- the individual thermocouples by cycle

and print n- nber as will be explained below. It can be seen

that the thermocouples were co[Lcentiated ir the regions where

the isotherms were expected to have the greatest curvature,

such as at the jeint between the wall and the ceiling, or at

the joint between the wall and the floor. The spacing between

the a~jacent th :mocoupies in a given row was also nonuniform,

with the closer spacing provided near Lhe shelter enclosure

where the temperature gradicnt would be steeper. The distances

between adjacent thermocouples are also shown in Figs. 12, 13,

and 14.
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With regard to the layout and identification of thermo-

couples in the soil, it should be noted that as the shelter

size was reduced from a 9-cell structure to a 3-cell structure,

all thermocouples in planes C-C and D-D remained unaltered,

while those in plane B-B were discarded. Thus Fig. 13 and 14

are equally applicable to both the large-sized and medium-sized

shelters.

As the shelter was further reduced to a single cell,

an attempt was made to retain the same numbering system as if

the grid of thermocouples in the soil had moved with the wall.

That is, a thermocouple located at a given distance from the

shelter wall retained the same identifying number for each of

the three structures. Thermocouples beneath the floor of the

shelter, however, were not accessible during the structural

modifications, and these remained in their original locations.

To clarify this arrangement, the layout and identification of

soil thermocouples for the small shelter is given separately

in Figs. 13a and 14a. The similarity between these and the

corresponding diagrams for the larger structures (Figs. 13 and

14) is readily apparent.

In the placement of thermocouples in the soil, pre-

cautions were taken to minimize the discoutinuities introduced

by the presence of the thermocouples, and to reduce conduction

errors by running the wires from the measuring junction along

lines of nearly-constant temperature. The thermocouple supports

selected for this application consisted of stainless-steel

1IT RES-EAR-CH INSTITUTE

36

00



I

I straps, 3/8-in. wide by 0.015-in. thick, similar to the strapping

commonly used for packaging or crating. Such a strap has a

small cross-sectional area, and therefore the amount of heat

5 conducted along the strap is small. The surface area of the

strap in contact with the soil, however, is relatively large

I and therefore the strap would come to thermal equilibrium with

the local sand environment much more readily than would a rod

or cable of the same cross-sectional area.

For locating thermocouples in the soil below the floor

of the shelter, the steel straps were suspended horizontally by

stretching them between fixed anchors cast in the concrete foot-

ings. The straps were secured under a tensile force of several

hundred pounds, which was sufficient to eliminate the effect of

sag. A typical group of straps is shown in Fig. 15 and a close-

up in Fig. 16. The latter shows the temperature sensors, which

5 consisted of copper disks of 3,'&--in. diameter, to which the

thermocouple wires were soft-soldered. The wires ran along a

strap to the nearest footing where they were merged into cables

[ that could be protected more easily from physical damage in

passing through the sand.

f At two locations (see Figs. 12 and 13), thermocouples

were placed at depths of more than 4 feet from the floor of

the shelter, and thus below the level of the concrete floor of

I the building housing the shelter. These thermocouples were

attached to copper bands or sleeves spaced at given axial dis-

tances on wooden rods, and the rods were driven into the soil
through holes drilled rogh the concrete and soil.I hrT RE EARCH NS ITU TE
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Figure 15. THERMOCOUPLE SUPPORT STRAPS BENEATH FLOOR OF SHELTER
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Thermocouples for measuring temperatures in the soil

outside the shelter wall were also supported by stainless-steel

straps, but the straps ran vertically. They were stretched

between concrete blocks that were cast at ground level, ane

cantilever bears that extended from solumns set at some distance

from the shelter wall. The columns in turn, were tied to struc-

turel members of the existing building to prevent excessive

bending or buckling when the straps were tightened. The columns

and cantilever beams can be seen in Fig. 4. Thermocouples iT

the soil above the roof of the shelter were attached to wooden

dowel-rcds that were supported at the desired elevations by

vertical stands. The stands vere also of wood, and far enough

from the thermocouples so as not to introduce conduction _Xrors.

All thermocouples consisted of 24-gage (0020-in. dia.) copper-

Constantan wires covered with polyvinyl insulation on each wire.

B. Temperatures Inside Shelter

1. Surface Temperatures

The layout and identification of thermocouples used

to measure inside surface temperatures are also indicated in

Figs. 12, 13, and 14. These thermocouples were attached to the

surfaces of the steel shelter enclosure by spot-welding each

wire of a pair ind.vidually to the surface, with the two welds

about 1/8-in. apart. The leadq from all thermocouples originating

inside the shelter were brought to the instrumentation hut via

a conduit running through the sand.
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1 2. Air Temperatures

1 The condition of the air entering and leaving the

shelter, and that of the air within the shelter, was determined

J. by measuring dry-bulb and wet-bulb temperatures using thermo-

couple sensors. Samples of the supply and return air were

taken directly from the respective ducts, where the ducts

entered and left the shelter. Within the shelter, measurements

were made at several locations as follows:

a. In the middle of the shelter, at elevations of

1, 3-1/2, and 6 feet.

b. Near the middle of one wall at an elevation of

3-1/2 ft.

c. Near one corner of the shelter at an elevation of

3-1/2 ft.

The latter two locations were above the return air outlets.

Air movement within the shelter, and even in the supply

and return ducts, was insufficient to permit accurate readings

of wet-bulb temperatures unless the air velocity over the

Ssensing elements was increased artificially. To do this, a

compact aspirator assembly was designed to provide air velocities

I in excess of 15 ft. per second. This aspirator is shown in

vi Figs. 17 and 18. It consists of a length of Lucite tubing

(1-in. I.D.) connected to the intake of a small centrifugal

blower that moved air through the tube at a sufficiently high

velocity. The sensing elements for measuring dry and wet-bulb

Im temperatures consisted of copper-Constantan thermocouples located

3 lIT RESEARCH INSTITUTE
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along the axis of the tube, with the dry-bulb sensor in the

upstream position, and the wet-bulb sensor downstream relative

to the air flow in the tube. The wet-bulb sensor was covered

by a wick which extended into a cup of distilled water. The

water level in the cup was maintained nearly constant by a

directly-connected reservoir containing a float valve. The

reservoirs of the several erpirators were filled periodically

from a pressurized water supply in the instrumentation hut,

from which a single tube ran to a common manifold in the shelter.

Thus each of the reservoirs was filled to the level set by the

float valves. Ia order to reduce soiling of the wicks, and

the total amount of water evaporated from them, the aspirator

blowers were activated for only 15 minutes each hour, and ran

simultaneously with the recording instrument. They were on

for a sufficiently long period of time prior to readout, however,

for the thermocouples to achieve steady-state.

3. Temperatures of Simulated Occupants

Three of the simulated occupants in the shelter

(described in Section V-A below) were equipped with thermocouples

to measure outer skin temperatures. One of these was located

in the center of the shelter and had three thermocouples attached

to the outer aluminum shell--one thermocouple near the top,

another at mid-height, and the third near the bottom. A second

simulated occupant was located near the middle of a wall, and

the third near a corner. The latter two were equipped with

single thermocouples attached at mid-height. All thermocouples
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were attached by spot-welding the individual wires to the outerr •surface of the aluminum sheet, and the junctions were stbsequently

covered with cloth covers that served to distribute perspiration

3 , moisture.

C. Temperature Recorder

For this application it was not necessary to record

all temperatures simultaneously, since the rate at which tempera-

tures changed with time was very small. It was therefore possible

to divide the total number of thermocouples into a number of

banks, each containing no more the-mocouples than could be

handled by a single recorder, and then to switch from one bank

to another in sequence.

The instrument used was a Leeds and Northrup Speedomax

G recorder, with adjustable zero and adjustable range, and

capable of accommodating 12 thermocouples. Switching from one

bank of thermocouples to another was done automatically by

rotary stepping-switches. When the recorder completed its

scan of 12 thermocouples, the switches were advanced by one

position, thus allowing 12 more thermocouples to be scanned,

and this process was repeated until all thermocouples had been

scanned. The chart drive and printer mechanism of the recorder

were started once every hour by a timer switch, and were stopped

after approximately 15 minutes when the last bank of thermo-

couples had been scanned. The blowers aspirating air over

the wet-bulb temperature sensors were operated by the same

timer, but since the thermocouples mt. -ring air temperatures

lIT RESEARCH INSTITUTE

45

5.



were in the 15th and 16th banks of thermocouples, the aspirators

had been operating for about 12 minutes before their thermo-

couples ';ere scanned. Thus they had ample time to achieve

equilibrium, for whic:h only about 3 minutes was sufficient.

It may be noted that the hyphenated thermocouple identification

numbers shown in Figs. 12 to 14 refer to the respective bank

or cycle number and print number.

D. Air Flow Rates

The rate of flow of ventilation air through the shelter

was measured by means of sharp-edged orifices in conjunction

with an inclined manometer graduated in increments of 0.005 in.

of water. In order to cover adequately the wide range of air

flows-- from 15 to 675 cfm-- three different orifice plates

were used, having orifice diameters of 6.0, 3.0, and 1.6 inches.

These orifice plates were housed in one cf two replaceable

sections of pipe that were provided in the straight run of

return duct leading from the shelter to the air-conditioning

equipment in the hut. One pipe was of 10-in. diameter and

was used with the two larger orifice plates; the other was of

4-in. diameter for use with the small orifice plate. Each

replaceable section was 14 ft. long, and consisted of a 10-ft.

upstream length and a 4-ft. downstream length, with flanges

between them for accommodating the orifice plates. During

the cooldown period after each experiment, the orifice plate

was removed from the system in order to increase the flow rate

of cooling air.
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E. Heat Generation

Heat was generated in the shelter at a constant rate

3 during an experiment, and stemmed from two sources. The bulk

of the heat was that generated by the simulated occupants, as

I described in the following section. In addition, a small

amount of power was dissipated by lights, and by operation of

the several blowers on the air aspirators. The latter were

the only intermittent sourre, and represertzed only about 17

watts per unit when running.

All electric power to the shelter was supplied through

a constant-voltage transformer, and was measured by two

kilowatt-hour meters. One meter measured the power dissipated

by the simulated occupants, and the other meter measured

all other power. In addition, a laboratory-type wattmeter was

3 connected in the circuit with the simulators as a check on the

uniformity of power generatLon.

V. SIMUIAT.ION OF HUMAN T]CUi'ANCY

g in selecting the means for artificialLy supplying the

heat and mois.ure load that would usually be provided by human

f occupants, a choiLe had LO ht made between i mass simulator

and individuai simulators ea.'h representing one average person

The latter was .hosun for tnt.. followir• reasons nd iv i duA I

£ units could he dist rihuLd ove.r tt, avaiLablt, floor area in a

uniform manner more reprt.sefltdt ive Of rva,.i t,'Ccupancy, the sur-

Sface area of caýh siriuiaior ;)n, Id he madv ctiu.~i Lo t01,L of

human be j .g and, the I&I,. Lli a i 1 : 1I ii : ) illd ivi ( doa I U!1it

I !III RISEARICH INSTITUTE

I



was easier in a shelter whose only entry was a relatively

small hatch. The following paragraphs are devoted to a

description of the simulated occupants and the method used

for controlling the rate at which water was supplied to them

in order to simulate perspiration of the occupants as a function

of temperature inside the shelter.

A. Construction of Simulated Occupants

The physical make-up of the simulated occupant was

similar to that used by the National Bureau of Standards(2) and
others.6) A photograph of the component parts of a simulator

is shown in Fig. 19. It consisted of two concentric, slightly

tapered cylinders, made of aluminum sheet, with an over-all

height of 52 inches and a base-diameter of 24 inches. The

inner cylinder was open at both ends, and was covered with a

1-inch thickness of glass-fiber insulation having an aluminum

foil facing on the exposed surface. The outer cylinder was

open at the botton, and closed at the top by a conical dome.

It was covered with a form-fitting "sweat shirt" made of a

flannel cloth that served to distribute the water uniformly

over the outer surface. The cloth was selected for its good

water-spreading ability, and the covers were washed prior to

use in order to avoid subsequent shrinkage.

An electric resistance heater was located near the

bottom of the inner cylinder and generated heat at a constant

rate of 400 Btu/hr (117 watts), which is typical of the body

heat produced by a sedentary person. Natural convection
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caused air circulation upward in the inner cylinder and downward

through the annular space between the cylinders as the air

cooled while heat was lost and moistrre was evaporated from

the outer surface. Electric current to the resistance heaters

was supplied through a constant-voltage transformer in order

to assure a constant rate of heat generation.

The heater in each simulator consisted of an adjustable

wire resistor wouri on a ceramic core 10-1/2 in. long by 1-1/8

in. diameter.* These resistors were adjusted to the proper

setting in the following manner: A resistor was placed in an

enclosure where the air temperature was around 90*F. With a

constant-voltage supply, the resistance was adjusted until it

generated 117 watts, as measured with a wattmeter in the steady

state. After the resistor cooled to room temperature, its

resibzance was measured with a Wheatstone bridge, and all the-

other resistors were adjusted to the same resistance at room

temperature. A subsequent check on two randomly-selected

samples at operating temperature showed a rate of heat genera-

tion within one percent of the desired value.

A view of the interior of the 21 x 2iL ft. shelter is

shown in Fig. 20, w,-ere some of the 45 simulated occupants

can be seen. Water to each unit was supplied via a plastic

tube that was tAped to a chin rod that extendcd vertically

from the apex of the simulator. Water from the tube dripped

*identified as "Dividohm" 10-1/2 P46D, !25 ohms,
Ohmite Manufacturing Company.
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onto a pad of absorbent cotton that served to distribute the

water in all directions.

B. Control of Moisture Supply to Simulated Occupants

The major regulatory mechanism whereby the human body

controls its temperature in an abnormally warm environment is

its ability to excrete perspiration which absorbs latent heat

on being vaporized from the skin. The rate at which perspira-

tion is generated by an average sedentary man varies greatly

with the dry-bulb temperature of the environment as shown in

Fig. 21.(3) The v-,iui: given in this figure are those excreted

by the human body, and are not necessarily those evaporated

from it. The amount evaporated would depend on humidity

conditions of the environment and the rate of air flow over

the skin, In order to provide moisture simulation of the

human body, it was therefore necessary to provide automatic

means for, supplying water to the simulated occupants in the

shelter at varying rates in accordance with the functional

relationship shown in Fig. 21.

1. Pumping System

The system that was devised to meter water to the

simulated occupants involved the use of a separate pump to

feed each occupant. Upon receipt of a prescribed electrical

signal, the pump-actuating device would cause each pump to

undergo one cycle, and thereby to deliver a fixed quantity

of water to each occupant. The pumps selected for this applica-

tion were positive-displacement units used on automotive
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windshield washers. Preliminary laboratory tests showed these

pumps to be reliable and to have reproducible characteristics.

In-place calibration of the individual pumps was accomplished

by adjusting the stroke length so that each pump delivered

the same amount of water (1.25 cc) per stroke. In use it

was later found that occasional recalibration was required,

probably as a result of changing physical characteristics of

the rubber bellows in the pumps.

The pumps were mounted on standard relay-rack panels--

seven panels with seven pumps per panel. Each pump was fed

from a separate one-gallon bottle, and the discharge from each

pump was led to an individual simulated occupant in the shelter

via a plastic tube. The bundle of tubes from the pumps,

together with one to feed the wicks of the wet-bulb thermo-

couples, ran from the instrumentation hut to the shelter,

through the sand pile, in a 4-inch insulated conduit, A view

of the interior of the instrument hut is shown in Fig. 22.

This photograph shows, from right to left, the water still

and storage drum below it; the bottles supplying the pumps;

the rack of pumps with discharge tubes entering the conduit

at the ceiling; the rack containing the electronics for con-

trolling the pumping rate, the terminal board for all the

thermocouples, and the temperature recorder; and at the far

left on the wall, the manometer for air-flow measurement, and

one of the kilowatt-hour meters.
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Each group of seven pumps on a panel was driven by a

single electric motor through a geared drive, as can be seen

in Fig. 23, which shows the rear of the pump rack. Upon re-

ceipt of a pulse signal from the sweat-rate control, the electric

motor was started and ran until the driver gear completed one

revolution, which corresponded to one stroke of the pumps;

then it stopped. One such cycle took nearly 8.6 seconds (7-RPM

motor), so that loading of the pumps was not excessive even

though the water was moved through approximately 40 feet of

3/16-in. I.D. tubing.

2. Control of Pumping Rate

In order to simulate properly the rate of moisture

generation by the simulated occupants, the frequency of the

pump strokes had to be made to depend on the dry-bulb tempera-

ture in the shelter in accordance with the relationship shown

in Fig. 21. The control system that was used for this purpose

is illustrated diagrammatically in Fig. 24. The primary sensing

element was an ordinary thermocouple, measuring dry-bulb air

temperature in the center of the shelter, that was connected

to a single-point temperature recorder located in the instrument

hut. The recorder was modified by replacing the printing

mechanism that usually rides on the carriage of the instrument

with an electric contact that was able to slide along a copper-

clad epoxy board. The latter was etched to provide 42 separate

contact points in the nearly 9-in. length traversed by the

moving contact, and each contact on the board was connected
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I

by wire to a corresponding terminal spaced along wire-wound

I' resistors connected in series. Thus, in effect, the position

of the carriage on the temperature recorder, which reflected

the dry-bulb temperature in the shelter, determined the re-

I sistance in the circuit and consequently the voltage reacb.ng

the oscillator. In this manner, the desired variation of pump

strokes with temperature was approximated as a step-function

- consisting of 42 steps. The intervals for these steps were

selected in such a way that the miximum deviation of a step

from the aominal curve was 2.5% for temperatures above 85*F,

and 57 for the lower temperatures where the total water re-

quirements are rather low.

As indicated in Fig. 24, the position of the moving

contact determined the voltage that reached the linear voltage-

controlled oscillator and thus governed the frequency of the

oscillator. This frequency was then reduced by the frequency

( divider to a level necessary for the proper functioning of the

pumps and to obtain the desired delivery rate of the water.

A counter was added as a check on the integrated number of pump

r strokes. Operation of the system could be checked readily by

timing the interval between consecutive pump strokes and com-

paring it with the prescribed time interval for the then-current

dry-bulb temperature in the shelter. Since the function genera-

tor consisted of permanently-set resistors, the only adjustments

requircd • -riodic calibrations of the zero and range set-

tings on the recorder.
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VI. TEST PROCEDURE

Four experimental runs were carried out with each of

the three shelter configurations, utilizIng constant ventilation

rates of 0, 3, 7, and 15 cfm per occupant in the shelter. With

the large 21 x 21 ft. shelter, the experiment with 3 cfm per

occupant was repeated for considerably different initial tem-

peratures of the soil around the shelter. Each test was termi-

n~zed when any one oi the following three conditions was reached:

(a) the effective temperature in the shelter reached 90*F, or

(b) conditions in the shelter no longer changed significantly

from one day to the next, or (c) a period of two full weeks was

reached. Thus most of the experiments were continued for the

full two-week period, and the procedure for all experiments was

the same.

The simulated occupants were uniformly distributed over

the floor area of the shelter, with 5 units per cell, and an

experiment was begun only when the temperature distribution

through the soil was fairly uniform. The desired ventilation

rate was set by selecting the most suitable blower speed, and

by manipulating the control dampers in the supply duct C - .1n

the bypass duct. Immediately before the beginning of an ex-

periment ,the wicks covering the wet-bulb tehrmocouple sensors

were manually saturated with water to assure that they would

continue to stay wet by capillary action, and the aspirating

blowers were checked for proper operation. Then the manhole

entry to the shelter was sealed and covered with sandbags. A
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reading of all temperatures was taken just rpior to the start

of an experiment to establish the initial conditions. .he

supply of ventilation r- was then begun simultaneously with

the beginning of heat generation by the occupants, and the

supply of perspiration moisture to them. Heat was generated

at a constant rate of 117 watts per occupant throughout an

experiment, and the rate uf moisture supplied was varied

automatically in response to the dry-bulb temperature in the

shelter, at described in the previous section.

Al! experiments that involved ventilation were begun

with dry-bulb temperature of the supply air at 85*F, which

was the mid-point of the diurnal variation, on the rising por-

tion of the s-., curve. This was accomplished simply by setting

the cam on the temperature controller to the prooer position at

time zero. In those experiments that did r t involve ventila-

tion, the air supply and return openings inside the shelter

were covered and sealed with tape.

The shelter was entered only twice during an ordinary

two-week experiment for the purpose of replacing wicks on the

wet-bulb sensors, since it was found that even a relatively

small amount of soiling reduced the capillarity of the cloth

and thus tended to cause higher wet-bulb readings. Other as-

pects of the operatirn were monitored in the instrumentation

hut. These included regular periodic calibrations of the tem-

perature recorder, and of the recorder that served to control

the supply of moisture to the occupants, as well as observation
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of the action of the water pumps as exhibited by the rate at

which the water level dropped in the bottles. Regular checks

were also made 1.o maintain the dew-point temperature of the

supply air, and to adhere to the sinusoidal variation of its

dry-bulb temperature. The ventilation rate was maintained

constant by observing the inclined manometer.

Immediately upon the completion of an cxperimental run,

the orifice plrte was removed from the duct, the fan speed was

increased, and the temperature of the spray water in the air

washer was reduced to the lowest level, which was around 40'F,

in order to cool the mass of the shelter structure and of the

sand in preparation for the following test. This ventilation

with cold air was maintained uninterrupted for a number of days--

at times more than a week--to subcool the inner portion of the

soil mass below the final equilibrium temperature. Then the

ventilation w'as stopped, and the shelter was left idle for a

nearly equal period of time for temperatures in the sand mass

to stabilize. In this manner it was possible to achieve a

fairly uniform temperature distribution through the soil for

c•nside.acle distance from the shelter enclosure. This pro-

vided a uniform initial temperature distribution for the

subeq~tent experiment, as can be seen from the tabulated

etemperature data at time zero.

VII. PRESENTATION AND DISCUSSION OF TEST DATA

All the results acquired in the course of this experi-

mental program, aside from the incidental measurements of the
thermal properties eescribed in Section II
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I
3 above, consisted of temperature data. Sufficient data are

presented here to permit a complete mapping of the variation

3 of temperatures as a function of both position and time for

each of the experimental runs that were made. In the presenta-

tion of these data, a distinction will be made between the

5 temperature variation in the soil surrounding the shelter, and

temperatures occurring within the shelter enclosure. The former

if changed relatively slowly with time, while the latter responded

more rapidly and reflected the effect of the imposed sinusoidal

variation in Ehe temperature of the ventilation air. Therefore

air temperatures, and temperatures of the inside surfaces of

the shelter enclosure, will be tabulated at more frequent time

I intervals that those in the soil.u. The rate at which heat was generated within the shelter,

although intended to be the same throughout all the experiments,

3 showed a slight variation. Actual meastirements for each ex-

perimental run are given in Table '1. These were derived from

I the initial and final readings of two kilowatt-hour meters.

A. Graphs of Temperature versus Time for Shelter Air

Although all measured temperature data are tabulated

3 in tables that follow, the variations of the air coodition

within the shelter are of greatest interest and these are also

I shown graphically in Figs. 25 to -,. These figures are arranged

in the order of increasing ventilation ratcs for vch shelter

size, with the data for the smallest shelter heing given first.
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The plots show the variations of dry-bulb, wet-bulb, and

effective temperature as functions of time, with the latter

temperature being derived from the former two by means of the

nomogram included in the Guide of the ASHRAE (Ref. 4), or in

Ref. 5. The plot of effective temperature has been omitted

in those instant- s where the difference between the dry-bulb

and wet-bulb temperatures is small, because the effective

temperature must necessarily lie between the two. For experi-

ments that involved ventilation of the shelter, the cyclic

variation of the dry-bult temperature of the supply air is

included at the top of each graph iusing a different tempera-

ture scale) to indicate the time relationship between variations

in the temperature of the supply air and those of the shelter

air.

Considering the results for any given shelter size,

it is immediately apparent that for the case of no ventilation,

the temperatures in the shelter inci ,ase monotonically with

time, while with the addition of ventilation, the effect of the

diurnal variation in the temperature of the supply air is

superimposed on this rising characteristic. The daily varia-

tion in the temperature of the shelter air is only a fraction

of the variation of the supply air. This effect, however, is

seen to increase with increa.;iing rates of ventilation. Similarly

the humidity of the shelter, as evidenced by the differen,'e

between the dry-bulb and wet-bulb temperatures, is seen to

dek'rease with ink'rcasing ventilation rates.
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I
The temperature rise in the shelter Curing the early

hours of occupancy is greater in instances when there is ven-

tilation, because the temperature of the incoming ventilation

air is higher than the initial soil temperature. This effect

I is particularly pronounced for the case of the small shelter

because the initial inside temperature during each of the fotir

J experimental runs was less than 500 F. From a comparison of

the graphs for the small shelter, Figs. 25 to 28, it can be

seen that objectionably high temperatures were not reached

"during any one of these four experiments, and the most gradual

temperature rise was for the case of no ventilation. The very

r important effect of initial shelter and soil temperatures shown

by the data for the small shelter is also borne out by all of

the other experiments.

g The experiments that did not involve any ventilation

were the least complicc'_.c and lend themselves best to direct

comparison in terms of temperature rises above initial values,

It is interesLing to note the relationship between the total

I areas available for heat transfer in each of the three shelter

r structures (floor, walls, ceiling), and the temperature rises

inside these structures at specific ttmes after the beginning

Sof simulated occupancy. The nominal surface area per occupant

in the small shelter was 58.8 ft2 while in the medium and

Slarge shelters it was 45.8 ft2 and 32.7 ft2 respectively.

After 70 hours of occupancy, for example--which was the total

running time for the medium-sized shelter--the respective
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temperature rises in the three structures were 19.5*F, 26.5*F,

and 34*F. The fact that the temperature rise in the shelter

at any time is inversely proportional to the surface area per

occupant can be seen from the following Table IMI which shows

relatively good agreement between the respective ratios. It

is also clear that the total surface area per occupant is an

important factor for heat dissipation, and in this respect a

small shelter is superior to a large one of the same ceiling

height if the population density is based on maintaining the

same floor area per occupant.

The mass of the shelter structure is also approximately

proportional to the total surface area. Insofar as its func-

tion as a heat sink is concerned, however, the heat capacity

oi the steel is not high enough to have a significant effect.

The smallest shelter had the greatest mass of steel per oc-

cupant, approximately 1200 Ib, but even a 30*F rise in the

temperature of this steel would represent the amount of heat

generated by an occupant in only about 10 hours. For the large

shelter, it would be the equivalent of less than 6 hours.

The results of all the experiments that involved

ventilation indicate that environmental conditions in the

shelter changed very little after the first week of occupancy.

With a ventilation rate of only 3 cfm per occupant, the tem-

perature rise during the second week of the order of 2 to 3@F.

For higher ventilation rates, the temperature rise was even

smaller, and several of the tests were terminated before the

lIT R2SEAECH INSTITUTE

80

a



04 U -4 H

08 1-4 L

p4 4
00

$44

ý40 $. W)p

r44 PA,-
r-4 r- C* fn- I

4) 00

04 z 0

04n

C., C14

00 0

Z4 0.4J'4 '-0

$4 4J o-ZOW0
u A4

00

1-4 415 P-4
A r4 9-4 -Y

81

NEE - *I



end of the two-week period, because there were no further dis-

cernible changes. It may also be noted that as the ventilation

rate is increased, the inside air temperatures become more

responsive tu the temperature variations of the supply air and

undergo considerable daily cyclic fluctuations. The time at

which a prescribed limiting temperature level is firot reached

cannot therefore be consi4 dered as the sole criterion for length

of time for safe occupancy since the given limiting temperature

will not be maintained continuously after being first reached.

B. Tables of Temperature Variation as a Function of Location

and Time

Temperature data for all the experiments conducted on

the three shelter sizes are compilee in Tables IV to XVI.

These are arranged, as were the graphs, in the order of in-

creasing ventilation rates for each shelter, with the data

for the smallest unit given first. Each table consists of

two parts--the "A" part includes temperatures measured inside

the shelter enclosure, while the "B" part consists of tempera-

tures measured in the soil surrounding the shelter. Temperatures

of the inside surfaces are repeated in both pr-zs for complete-

ness. Skin temperatures of the simulated occupants and outdoor

air temperatures at the time of an experiment (which are unre-

lated to the condition of the ventilation air) are given as

the last items in part "A" of the tables.

Temperatures measured within the shelter, besides

surface temperatures, included those in the supply and return
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air,ducts and of shelter air at several locations as indicated

in Section IV-B above. The identification of these thermo-

couples in the tables is self-explanatory. It should be pointed

out, however, that the readings indicated by the air aspirator

located only one foot above floor level indicated readings

that were abnormally high, contrary to the effect of stratifi-

cation that would be expected in an enclosure having relatively

little air movement. These higher readings are attributed to

the manner in which heat was generated and dissipated by the

simulated occupants. The resistance heaters in the simulators

were located less than one foot above floor level (see Fig. 19),

and although a radiation shield of aluminum foil was inserted

immediately below the resistor, radiant heat transfer to the

steel floor could not be eliminated completely and some direct

heating of the floor plate probably took place. Differences

between the temperatures indicated by the other aspirators in

the shelter were small, and temperatures measured in the return

air ducts were representative of those existing in the middle

of the shelter.

Inside surface temperatures of wall, ceiling, and

floor are rabt,'pted for the three cross-sectional planes shown

in Fig. II, and the location of the individual thermocouples

were given in Figs. 12 to 14. As the shelter was reduced in

size from the original 9-cell configuration, section B-B was

automatically eliminated, and the number of thermocouples was

reduced to those located in the remaining two cross-sections.
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Temperatures indicated by thermocouples attached to the floor

plate tended to read high for the reason indicated in the pre-

vious paragroihn. All temperatures measured inside the shelter

are tabulated at 6-hour intervals for the duration of each

experimei.t in order to pick up the periodic wave-form imposed

by the condition of the supply air.

Visual observation at the conclusion of an experiment

showed that at least some unevaporated perspiration water had

accumulated in the drip cans beneath the simulated occupants.

In some experiments, water on the floor indicated earlier con-

densation ct- the inside surfaces, although the walls had been

dry at the time the test was terminatee. It can be seen from

the tables that, with increasing time, surface temperatures

differed little from inside air temperatures, as could be

expected.

These experimental shelters were constructed of imper-

meable inside surfaces primarily in order to avoid the problems

of moisture emigration in any subsequent correlation with

analytical results. Impermeable walls are probably not most

typical of actial :;tractures, but they represent a more severe

case insofar as heat transfer from the structure is concerned.

Permeable walls that would permit the migration of water vapor

would tend to increase the rate of heat transfer in two respects--

by increasing the thermal conductivity of the surrounding soil,

or at least maintaining it at a high level, and by the convec-

tive transport of heat resulting from condensation beyond the

1IT RESEARCH INSTiTUTE

ini~m im i • •mii •• ii• iiinto mI ~ iiinnmb iiiiI i i ui~m i mm•~



I
inside surfaces of the structure. The major extent to which

moisture content affects the thermal conductivity of soils

could be seen from the measurements made on the sand used toI
cover these shelters, as shown earlier in Fig. 7.

STemperature variations in the sand surrounding the

shelter, for each of the experiments, are tabulated in the ''

part of each table. Readings are given for time intervals of

one day beginning with the time at which c-n experiment was

started. These are arranged in sequence for each of the cross-

sectional planes in whic'h thermocouples were located as shown

in Fig. 11. For each cross-section, temperatures are given

first for locations in the soil beyond the wall of the shelter,

then for locations above the roof, and finally for locations

i beneath the floor. The nomenclature used in the tabies for

these thermocouples is also intended to be mostly self-

explanatory, but for the exact layout of the thermocouples

j reference should be made to Figs. 12 to 14. It is to be noted

that as the size of the shelter was reduced, the numbering

( system for the thermocouples was retained unaltered; that is,

the identification of a thermocouple located at a given ele"a-

tion and distance from the wall remained the same even when

the wall itself was moved during a change of configuration

An example of typical cross-plots showing the tenpera-

I ture variations in the soil during a test is shown in Fig. J8.

These data are for the small shelter when the ventilation rate

was 7 cfm/occupant The upper set of curves shows the rates
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at which temperatures in the soil increased with time at various

distances from the wall. The topitiost curve represents the

temperature of the steel shelter wall, and it can be seen that

there was practically no discernible temperature rise after

3 the first week of occupancy, as was true for the air temperature

in the shelter. While the temperature of the wall increased

I from approximately 46*F to 76*F during the two-week test, the

temperature at a distance of 5 ft. from the wall increased

only around 3*F. Temperatures at intermediate locations follow

the expected pattern.

The lower set of curves shows the variation of tempera-

I tures with distance from the wall of the shelter after several

time intervals from the start of the test. The lowest curve

for zero hours shows the temperature distribution in the soil

U at the indicated elevation at the time the test was begun.

It covers the 5-feet distance from the shelter wall outward,

5 where the thermocouples were located, and shows that the initial

scil temperatures were nearly uniform. The curve for the tem-

perature distribution after one day indicates the prcnounced

5 temperature rise that has already occurred in the soil close

to the shelter walt, while the difference between the curves

I fr 120 hrs. (5 days) and 336 hrs. (14 days) is not very great.

The final temperature rise after 14 days at a distance of 5 ft.

I was of the order of 2 to 3°F, and it wnay be recalled that the

3 soil cover extended considerably beyond 5 feet.
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As mentioned in the introduction to this report, one

of the purposes of this effort was to provide experimental

data for correlation with analytical predictions of environ-

mental conditLions in a shelter for various conditions of oc-

cupancy. Toward this end it would have been preferable to

use a soil cover that would be completely free of moisture,

and to house the shelter in an air-conditioned environment

that would correspond with the selected supply condition of

the ventilation air. The size o' the experimental shelters

made these items prohibitive; but ý-ae thermal properties of

the sand have been measured for the range of moisture content

encountered, and the bulk of the soil cover around the shelters

was such that the effects on the measurements of variations in

outdoor temperatures during an expeeimental run were kept as

low as possible. In real underground structures, the problem

of moisture migration is unavoidable, and much basic research

effort Is still required with respect to heat transfer phenomena

under such conditions.
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Table IV-A. VARIATION OF TEMPERATURES INSIDE SHELTER

7 x 7 x 7 ft. shelter; 5 occupants;
no ventilation

Tim Froo, Start a( Toot.I•,

T.C. 0 6 12 18 24 30 A 42 4 8 04 , 60 66 72 76 84 90 96 102 -9 114. 12, 126 132 138 144+ . 0 106 1.
No. 0 1 2 3 0 6

All TOMTJ@0A073

6844±4* Alt
Cent.,
6 f t . 1e -

le10-12 42.1. 49.7 52,8 66. 4056. 0 7.6 08. 5. 7 62.0 62.0 03.9 60.9 63.7 W19 62.5 62.7 60.2 623 .3:1 6 .9 64:.164.0 64.9 6,3 6. 60. 68.1W3 10-11 41. 47.5 49.9 51.:4 44 A,9 5N.6 5t 5 08,0 56. t 30.2 •08. 61.3 56.9 60.0 60.2 62 3 0 9.8 a9.6 61.0 .1.7 61.8 61.9 02.4 62.8 60.2 41.8 0..

3-112 It .1..
21 i5.4 41.9 49.6 02.81 042 06.2 :7.4 38.3 09.7 5 9.4 60.9 61.0 61.8 61.2 61.6 63.163.1 648 623.6 64.1 65.7 66.6 66.3 67.0 66.6 67.6 68,68:1.0

6l1 15-3 41.9 486.9 020 04.0 00.7 06.6 56.2 59.7 07.9 58.8 39.9 60.0 $9.9 61.2 61.7 62.7 63.0 62 2 42.7 .4.9 64.7 64.6 64.9 60.3 60.7 60.7 60.4 .

1 it I-.
08 10-2 42.8 48.9 ,1 .0 : 0 0 36. : .26.3 "06.2 62.0 62.0 % 9 60.3 63.7 61.2 61.7 63.7 65.3 62.2 62.7 64.9 64.7 64.3 64.9 60.3 47.9 60.7 60.6
Wl 10-1 42.6 48.4 t . 5 03.) S3.6 S 4.4 3.2 51.9 58.1 08.2 07.6 58.2 60.7 50.5 %9.4 60.0 62.2 00.8 09.7 61.9 01 7 U2,1 62.3 62.7 63.0 63.1 6.0

IRtSIDE SURFACE TIMP

8e11 6-10 4.0.8 4.• ] 4.3 47.9 .9 00.8 02.1 03.6 04. 0449. 04.6. ?;.a 57.6 36.6 09.9 50. 59 06.4 56.4 60.2 61.4 66.2 67.2 61.3 62.6 62.5 $2.2
.40 40.7 44.9 479 49. 01.1 3 054. .1 1 .2 06.9 77.2 50.3 8•.2 " 9 .. 6 61.2 2 62.9 6.0 62.9 64.1 64 3 .4.0

7-10 47.7 46.4 4.6 01.6 02.6 06 0 07.3 06.8 07.2 59.0 59.- 58.8 09.7 61.0 63.3 626 62.0 S2.C 63.4 60.1 60.4 60.7 60.3 66.7 66.9 66.0
d-4 41.9 46.4 849.2 31.2 03 1 W.. 00.0 4.8 08.2 07.8 8.6 8.6 60. 09.3 02 60' 4 6.
6.10 42.9 46 8 49.0 01.6 03.1 13.2 00.9 06.0 37.07.4 08.9 09.0 0.0 0.4 60.3 80.8 63.4 67.9 60.6 62.7 63.3 63.8 64.0 N4.3 60!3 60.0 60.2 59

61.4 61.3 1.3 62.6 .4.0 64.2 6•.7 64 .3 60.7 66.0 60.9
C0.1t73 9-4 39.8 6.8 00.1 49.9 02.8 ?.05 54.3 56 0 W). 37.8 06.9 07.6 60.0 2 -.7 61.0 0.8.1 643 63.3 63. •

10-4 39.6 43.7 4t6.3 46.6 00.0 0..2 3. 2 04.4 03.1 '5%8 06.3 56.3 $6.1 07.2 9.6 60.6 .01 09.4 50.06 63.3 6321 6.17 6.1 60.2 64.3 36.9 63.0

12.4 46.1 46.0 00.2 52.0 02.7 03.3 04.2 05.1 01.2 7.2 07.5 07 3 09.0 08.0 61.0 9.0 6u.4 59 3 059 63.8 64.1 63.2 63.6 63.7 64.9 64.2 63.3

12-10 M8.2 43,0 46.0 48.1 49.6 01.0 52.1 53.3 02.8 S3.4 05.2 S5.3 •4. 00.8 5 7.0 07.9 07.8 01.7 bil. 00.4 61.2 61.0 60.8 00.7 61.9 62.4 62.0
00-4 I 68.1 42.7 •3.9 47.2 4..9 00.7 00 1 02.4 0.4 04.2 04.2 04.4 08.4 00.3 0 6.1 08.$ 08.7 06.4 7 2 a6 8 09.4 06 096 S 9.3 60.4 60.9 67.6
60-6 60.0 43.1 6 8.0 69.9 01.0 03.3 0.0 00.1 ?.9 03 07.2 07.3 06.4 07.9 08.0 39.2 09.9 06 0...l 67.7 63.2 62.8 62. 0 60.8 66.1 6.6 68.1
14-2 8i.0 40.3 67.6 49.6 02.,0 7. 7 03.0 04.3 06.0 0.3 00.3 .2 00.2. 7.2 07.9 08.3 6,0 08.4 09.0 60.8 61. 61.1 61.0 61.3 62.1 62.4, 62.

14.6 "2 7 60.6 48.0 00.0 02 . 2.6 00.0 •4. 00. 04 3 S5.8 a .0 53.0 04.9 11.4 07.9 A' 0 08 51 1 0.9 6.4 61.7 610 61.3 61.6 626 60.2 621.

0.36.3 Top 10-7 43.7 61.9 67.0 Go,.4 63. 6.1 67 3 69.3 70.1 74.2 72.4 72 1.2 79.0 a1. 1. 22.9 72. 7. . . 86 76.n6 74.6 to3 71I 1.q 7.
1::dl. 18- 1 63.7 61.1 64.1 66.1 60.6 60 670 61.0 71.3 71.6 10.0 70.0 70. 71., '0.0 72.50 72 0 7 6 72 7 74 2 70.1 70.6 70 6 74.9 10 1 71 2 7.9

•C,8 16-9 60.6 61.2 64.0 6.0 63.9 60.06 69. 1.2 71.7 70.1 70.1 70 .'1.0 71.9 72.0 72 71.0 72.9 76.2 70.1 70.1 2. 707 71.3 713 76,9

Ctd. 91 4, 4 62 4 60. 60 S. 96.6 68. 
M! 

6746.n19 ' 09 317.
Mid, ,-! ý 4 W 6 o. 6. 6 7 1 1. 1. 4.7 7)0. 1.4 76.2 71.1 70.0 78.0 '1 0 79 7

19H` 32.4 34.' 03 2 30 1 31 6
19-6 03.4 30 8 32.8l 00.0
69.1 3: 6 S0 . 30. * 4 30.6

A
For detailed description (A thermocouple locations see Sec. IV-A and B.



TEMPERATURES INSIDE SHELTER

shelter; 5 occupants;
o ventilation

66 72 71 94 90 96 .72 108 114 120 126 132 138 1"4 150 156 162 168 174 190 166 191 198 204 tie 216 222 228 234 240

4 5 6 7 8 9 10
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9 60.3 62.7 612 67 62.7 07.0 62.2 62.7 64-96.7 6 49 6. 77 6 6' 74 6. 83 6. 678 7. 61 . 69. 639 7. 3. 11
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b 7. 5 9. 0 6 9. 3 91. 19. 2 W 46 62. 62C7.6 95 659 6.9 7 63 21*. 63. 8 A. 664 6 9 64 t 97 61.0 65. 67:0 66.6 65.2 66.3 65.18 65 366.2~6 7 6

*~~- 56. 644 5. 78 6. ~ 0 4 10 68 60.I 19 5 2 02 5 7 61 6 62. 16.5 6246 2... 67 . 2 31 .: b63 ~ 6a 65

057. 36. 79 6.3 5. 69.4 538 9 0. bO:I " 1 ..- 7 666 6 4 .63. 6. 64.6 641 61'.1 ,6 66.9 66.6 664. 65.56 66 60.1 05 086.45.33 I6 66 a, . 642 ? 3

59.2 68.2 57.2 61.0 50.3 60 1 9 * 74.0 6 61.3 61.1 67.3 61. 3 6. 62 b 6 6 5 3.2 6. 6 67.4 64. . 64 . 0 3. 66.0 6.6 6 6

16.0 65,~~~2 66. 5. 3* 85 8 . 89 '0. 1 610 17 61 2. 63 2 246117. 61 6. 6 3 3 3 0 6333 4 ' '

722 7 10 719 7. 24 7 "'S '(2 1 . 73 66 7 6 4. 36 7 9 6 3 9 7 76 9 6 6ý 75 66 7 67..6 87 64. 7 6 5.7 80 3

5 7.0 590 5 8. 7 1.0 77 . 0 32 5 q7. 82 6 '1 b ) 2 h6. 36. 8 6 3ý *4464 2 763 7 76. 7 7 5 3 75. 7Z 66 3 6 .1 65 38 66 3.
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5couple locations see Sec. IV-A and B. 8
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44. 49. 444 4. 49 73 4 7.9 60.23 097 4.0 49.3 69 4 69.4 49.) 701.0 70.1 70.8 71.0 71,1 71.1 71.2 71.5

47 6 7. 75 447 480 440 9 1 67.9 47.7 4V.5 49.2 49.9 Ws. 49.3 49.ý" 49.1 49.5 71 0 :.7 2910:3 IS.5 70:0 71.4 ;0 7. 71.01
4s.4 643 4. 5.1, "44. . 65. 46.ý0 46 4 47 5 47.7 45.2 67.s 497.4 47 1 40. 46.4 491 89 48. 49. 0 494 49.3

67.1 4769. 49 71.?
ý7.3 44.4 40.2 446.3 45.1 65.3 ý64 b6 607 6 .5 We 47.4 68.2 99'4.9 t9.4 49.1 9 8 4a9.2 48.3 "9. 79, 70.0

62.4 42., 62.A 62.4 43.2 43.1 6, 6.6 2 451. 65. 5 46.7 6.,2 404. 1 444 . 72 47.1 47.5 47,5 47. 4.9 ,2
61.9 426 4. 34 4. 2.0 67. 136 1 17.7.3 44. 41b: 45. 66.0 t6.7 41. 040 4. 6. 2 4. .9, 424G 0 , U66'

44. 4.9 445 5. 4.1 453 6' '4 4..47b. 47 03 48.0 a 49. 401 49 49.2 69.3 44.7 99. 70 .0, 70.4 73 '' 7

43.4 40 4.2 44.1 "1. 44.1 4. 671 4. 9' 44. 4.) 4.9 6' 4.2 61.4 46, 9 49.0 44.1 4. 1 4. 4.5 47 0 441 667'29 .u

452 1. 43 3 42. 4 4.0 67 ,661 Is '. 17 6. 66.3947 4. 41 4. 47.2 07 2 47? 6. 6?. 638.0 63 1 6'6 4 69 1

77'. 74. 74 70 7. 7 05 7 7 19, INA. 90 6. 74 - 09 91.1 79,1 514 1. 94 74 9. 07 8. 0I8

0 SO74 9 00 9 a0: IIý?q7. 744

is 9 1. 6 4 1 ' 41 40 40 I 4t.7 4-. 43 47.0 7* 760 6

61 i 64 a 7 4. 94. 41.1 49, 4 42,3 41.41 43.s 47 ,7 7
L1 1 54 W4 1. 54) 42,5 44 5 0A. 4t1.0 459 420 6 54 '~
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Table V-A. VARIATION OF TEMPERATURE INSIDE SHELTER

7 x 7 x 7 ft. shelter; 5 occupants; 3 cfm/occupant

Tim From8 Start of Toot. tfto'-.s. o

T.C 0 6 15 i8 24 30 36 42 68 60 66 72 78 '6 102 106 11A 1 .0 6.

No. 0 1 2 3

AIR

4- LY D 1 7-4..5 93.3 84.1 71.8 81.3 83.1 69.7 82.0 9" 8DI . 5-50 49,3 93.9 78.8 68.5 80.8 96.5 83.7 20.8 62.3 97.6 86.0 69.8 85.3 4.3 80.8 71.6
0'.9 8.9 75.8 72. 67.3 74.3 73.9 71.8 68.6 74..0 77,6 72.9 884 74.3 77.2 71.8 I4.) 7 #. -78 6 71.2 64.7 70.0 72.3 67.1 70.9 77.5

8Z'78D45 76.5 73.3 38.0 76.5 77.3 89.2 78.3 7'.8 79
DI - 0.0 '5.3 67.3 68 9 71 0 72.6 73.1 73.0 73.7 73.6 73.9 76,4 75.7 78.0 77.3 39.6

59.1 47 5 62 8 62 7 68 7 70.' 714 73 72.9 73.6 73.0 73.6 71.6 73.• 77.4 76.9 75.1

SULM AM

6ft .1ev 77.7 02.6 80.6 76.8 71.0 80.. 71.: 79.6 8:.8

S.- ( 72.7 71.6 69,7 73.6 78.7 76.4 73.4 76.7 80.2 78.0 76.9 77.6 1.9 71.6 7.6 73.9 768. 73.6 73.2 7.3 78.1 33.1 '6.7 78.9S15-1 . 7 7 9 68 1 • 99. '- . "2 '. 71.9 79L9 72.3 76.3 73.6 71.3 76.6 76.1 75.1 72.3

3-1/2 ft ev 76.6 79.3 78.9 76.9 77.3 90.0 76.3 78.2 79.9
08 155.. 51.4 66.2 60.6 69.8 75.9 14 74.8 76.4 75.0 76.3 76.8 74.9 75.7 8.8 7. 61 6. 7

* 15 33 5 . 4 63. 4 66. 5 67 3 0. 7 7, .9 7 58 2 .8 72 .9 76.4 74 . 8 7 6. 1 76. 5 76.2 79 .1 i0.s 
.6 

.3'7..

1ft low 76. 7. 7 7 7 11.1 7. 7 9
• 13-2 31.6 63,5 64.1 67.3 69.3 73.9 71 8 72,8 72.9 747 76.9 762 766 7 7 8 . 7776

1, 3-.1 69.5 6 86.663.4 67.4 69.1 69.7 70.0 70.6 7.76. 73.8 73.3 7, 73.1 74.3 76.2

I1801 inv• TOMTUw IuZS

Uc!:. C-CI

MWll 6-10 4 8.8 62.3 6.5 64.3 66.5 69.6 69.6 68.8 63.8 7,.0 72.1 71.7 73.1 76.1 7.2 71.8 73 0 76.' 7..9 13.1 2 73. 76.1
7-.4 49.4 b3.2 66.3 66.4 68.9 70.9 791.3 70.3 71.8 73.6 73.8 22.5 73.6 75.3 75.1 "3.3 737 76 b76.3 74.1 . ... 73.3 76.4
7-o0 48.8 61.8 65.4 6V.2 68 0 75'.) 71.3 71.2 77.1 3. • 4 73.9 7.0 73.3 7.0 74.2 73 6 76 1 73.5 7' 76 ,7.3

5.4 49.4 59.4 6732 65.0 66.: 63.7 69.2 69.6 70.5 71.8 72.0 7.7 72.3 73.6 73.7 71 4

6"10 44,1 59 0 62 2 * 0 05.) 67,.4 68.4 69.0 69.6 71.0 7h.6 7 f 71.8 72.8 73.1 7 72.8 73.3 74 75.7 7 " 7..3 ". 76.0

10.4 449.3 62.3 6S.0 6ý.| 67 1 66.6 70.3 69.3 70.6 73.0 '3.1 73.3 73.9 73.0 76.1 732. 74 0 75,2 75.9 74. 70 .... 7 2 8

50.50 49.3 65.0 65 3 61 9 88 8 79.8 71. 75.61 72.64 73.8 74.4 73.8 76.3 73.6 75.8 75. I3.2 76. ,7 0 71, 7 . . 3 8.
12-4 49,6 37 1 60.9 65.8 66.5 66.2 67.6 67.4 64.6 69.0 70.1 70.1 70.3 71,3 71.3 70 71.4 72 71.6 7.' , 2 .

:" 10 312 9 .7 6 2.0 63.3 6 5 .7 8 3ý 4 .6 67 . .6 70 .6 70 . 70 .1 70 . 9 7 0. 6 7 2.a 71 . 6 7 0.0 7 6 7 . .

5 ý9.5 2 9. 6 203 6645 660 889 "ON6 a,6 69. 71. 7167.'157. 337~ 20~ . : 2:~ 98
-6.9 70.3 72.2 73.3 75.8 72.1 7-. 76.0 73. 7.3 2 4.3 74 9 7M.8 .

3 0.9 ".64. 676878.6. 69.6 30. 69. 69 70. 70 7092. 703 .0 1259 1.00 ?'1 72.26

5D6*C 8018 7 57.' 49-)t9 7..9 768 77 79.0 6 02.0 7 0 8 92.0 82,• 81.7 83.5 83.2 85.6 833 8 2 6. 84.8 829 830 8.6 83' 868 8C 8 72.1

wee - 49 9 72 9 73+.8 76.1 78.5 6 .3 66 0 6 8 764,13.. 8t0.6 79 70.3 7., . 0 . 96 80.3 85.6 8.8 80.3 6(. 8 6. . 52.0 80 7) 479 83L.
r+$12 58.- ,99 *J 9 76 3 744 78' 8'7 55.7 80 I * 8 5.8 852 .33 835 0e 13 813 13 # 85 06 92 99 . 84 2 072 8i. 83.0

lotl 8-l' .') " 71.3 764 78.' 80.2 807 1IS " 80 82 71.9 8 h. -51.3 V.5 6l.1 8.8 85 8,3 82.1 85.2 856 83 836 65.5 02.6 86.

Comer - 154281)

DIF I-*9 67 5 43% •8 64 6 6 9 ,86.0 3+ 6) ",5 5 62.3 61.0 66.6 67).3 38.6 692 6, 4 I31.1 '0. 53.1 "3 69l.8+ ,66 9 56.8 85 7 so 5 68 68 2 ft I.6W
I.11, 310 4k 2 4. 7 6. i ?6 9 6 .7 80,2.6 6.7 40. 3 63,6 a 3.3 380 67.9 68.1 8.2 538 @1 5 94 696 66.9 54 I 85 1 7a I 6 2 .4 6 2 83.7

A
For detailed descripLion of thermocouple locations see Sec. IV-A and B.
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NSIDE SHELTER

ts; 3 cfm/occupant

144~ o ~ I SO. 75 156 62 ?,6e 17, Igo lab 192 148 207. 1110 216 22 28 2 4 - ý S

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-_.. . .. ._ -A 10

7.3 7.2 99.0 8111 74,. 65.0 96.3 90.a 7'..3" :2 9 b 6 77,7 9.. 62., 09.7 970 91.9 977 ' 7 91.7 1' :. 7 .1 ' 0 1.7 72.4 79.9 74.0 69.9 71. 78 N 74 3 69.5.3.. .7 "'"A 67.1 7 9 7'72 73.7 . 2. 77.7 9 9 7..2 74.0 6. ?1

;:9.9;I39.9 01.9 81.9 94.5 79.9 so7 I 21 5097 76.0 77.3 76.5 70.3 77.0 76.5 '7.3 9.2 76.; ,77 79 so 0 • 7 77 0 97. 9 0 77.9 '•76 69 57 79., . '...7 3 7.(7 97.00 .0 79.9.00.. 97.9. 07$ 8 7
5 77.4' 76.9 75.1 7 769 77. 7036. 70.9 76.3 77 ? 71.A 79 6 7 9 ý4 97 ft" 0777 7. 7 94 9.

01.9 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 94 197 06 7. 26 0. 60 '. 7. 65 7. 20 9 09 7.' 6 9' l2 9 2, 7. 1.4 1113 $.9 93 79.7 91.1 95.0 33.7 79.9

3 76.2 76.1 75.9 70.1 76.9 78.0 75.6 77.2 79.1 76.3 76.9 79.9 79 8 77. 7 0 7. 01 -9 71 77 7 7.. 0. 78.3 79.1 690.3 87.3 80.0 79.9 82 7 A2.4 W -1

7 )9.O 76.1 73.9 761 76,.7 79.0 71.: 777 79.1 76.9 76.9 79.9 79.6 9 4 7 7 79.9 79.0 74 . 79.9 79.: 8. 7 77 0 i 1 5 . 79.1 93.0 77.6
7 7 ,1 7 3. 2, 4.9 7.8 3 734 '31 751 74.3 7.1 76 5 , .577 .. '7. 70 7 787 77. 77.1 79.2 77

77.1 71.2 71 , 7 74.7 74.9 , •77 7 9 77 77 •.• 6.6, 0 7 70 9 7
• 73.3 73.1 735• 73.7 76.7 .9 . 77 77 7 79 " I 79 77.7 • 7 71.0 77.9 90.0 '9.4 79.5 77., 9 •. 077 " 7947 7.2 77 ,6 IV.9 71. '9.....0.6 79.0 71.0 6.0.0 79.1 77.9 10130 7'73 73.3 729 7 1. b3. 1 4 777 7 27 6 7. '. '7 7. 6.7 76.3 711-. W 7.7 7.077 7.2 9 7
7.8. 1 7..7 . ." ' " "' ' wi " " 7. 0. 77.4 77.7 77.4 76.4 W 66 11.

710 761 7.9 ~ ~ 7. . . 777 ., ' 7 7 , . 9 . ,79.7 76.6 80.% '9 78.77 77.3 81 79 q9 8
75.0 73.1 73.T 792 7;1,.. 

. . . 94 71.1 030 90. 70- 9 79 9 !00.7 791. 7971.3 71.3 70.9 71. 77 , . " . . . . . 7.3 796""6 9..7 79 7 77 7

73.2 b3. 72. /20 76

74. 74 .•, 0 73. '- . ... ... ... . '7:11 7 7'. '9 ...... 35° 77 7 3, 73 'I 797 775 9 78 79.7 9

p
7 77  .  .  

. .2. 1, 73 1 7 7 , .7. 7. 72 7 76 0 76.6 77.9 77 77 7. 6 7 79.N 79. 70 97

49. 9.7 3 93 ~ ~ .7 7 ''' 9 . 7 77 7 47.7 a 70. 99. '9.4 !? 6 m4 796 77 6 .9 447 L

locations see Sec. 9i-A and B. 8
v- ,_ 0) 1 40i~
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174 160 lob 292 IVA 20.. 200 21. 222 228 23U 240 246 292 220 204 2707 27. 292 299 '. 20. 3f.' 212 119 126 233 3w8
A 9 101 1

912 O. 4 . 90 70.3 87. 92.0 806.0 4,.4 0.0 94.3 04.8 74.) d7.0 SL .8 1/. 3 74.0 @6. 0 96.3 87.4 76.4 83.4 % 0o7. 74.7 00.7

91.5 72 . 107. 7 7 1.. 2L) '.76 .0 2. U 7 3 7 2 1.2 ?9 714.0 69.0 72.4 711.4 7432 69.5 71.3

101 ;111 79.9 79.9 01.3 01.9 1 .2 2 9.9 S' .9 52.1 8C. 9 94.6 81.4 42.A 80.0 76.2 62.2 62.0 80.2 82.2 82.3 R19 0 8.
909 00.9 78 . 71 1 '9 7 0 7".6 7.9 80.9 62.8 00.0 19.9 9470- 1 ,1. W0.2 89.2 W4.. 62.2 29.2 W92 81.3 82.0 29.' 80.9 82.7

.47 0. 79' 1 it. 82 111 79. 81 483.8 82.8 ": 21, -- 11.: 8 ? 022 9.9 5115 04.ý9 82.86 19.9 !1 . 82.7 81.3 04.4 82.8 85 8 3.7 3. 42.0
79 8 2 A. '1 7 A. 71 770 22.4 77.0 79. 79 y 77. 7.4 7v~ no0.. .0.0 ý .4 7'.9 7 S. 76, 3 w. 72.2 .4.9 78.8 '9.0 70.0 ?P..2 28.4 V78.9 79.8 77'.3

07. 82 7 9 . 9.2 62. 8. 9. Be 1]96 ~ ~ . 2 7 9 8.9 9. 8.1 * 800 so." 82. 84.2 $0.9 82.1 8290. 9.2 8.
79 7 9 7 79. 10.: 79.4I 1 80.0 7M. 18.1 9 1 0 2. 42.:9 974 795 8281.8.

79.9 79.8 74.4 709 94 ~ 9.0 79.1 00.4 1:.2 01. 80:3 82.1ý 83.0 83.0 R00 8.e20 8. 09 8. 2. 10 0. 211. 14 8."77. 72.4 74. 70. 77. 77.74 7 8

,.. 42 2. 44 7. 02 09 7. 61 9. 44 7 4 78. 074 '9 . 77. 7. 94. 7:9. 778 97

7. V7 7 7 7 7.4 0. 01h 7. 7 69 8 00.1 I 29.4 2. : 794 82. 010,2 79. 1. 1: 1 9-.4 '.7 74. 01.8 822 7. 790 64s3. 79.9 M.2I

77 7 7.1 7... 7 7.2 272 7. 7.4 744 8. 7.4 7. 7.2 7.0 78. so 7 78. 79. 77. 28 7 4
77,.. ? 7 '6. 7$. 70. 2789 s 3s

760 772 1b0 .' 1 ~ 78.7 70.8 8 2 7.2 7. 77 ..2 72. 74 1, 79. 8. 7 780 81. 794 7 78 81.9 09.0 7. .9 7901118. 90 7.0

70.4 78.7 6 .0 00 .0 ?9 9.2 78.0 90. 0 71.2 .9 79.7 7a.9 80, ~7 79. 8.7 798 6 0 2. 94.0 .8 79.0 7981 1 3. Pg.2I
773 7.0 7. 2,2 74. 22.4 77. 272 7.2 40 7 0 ; 7 4 4 7 4 7 9 77.8 P77 7. 97.'. 98 2.

a '0.8 74.3 7 1 7 7. 27.3 78.4 7045 '1. 703 7?. 1 70.9 7. 70 771 1 79 90 2 8 70.2 "91 ~ . 07 7s 3

17 7 74. 748 77 le7
7 797. 7. 34 74. 71. 71.2 74.8 M 7. 7 74 74 0 ' 1 7 7, 0) 74 1 7.. 0 77"A'4 48 7 7 24 22 2.

77 7 47 7, ~ 2.4 029 0 9 874 6.0 82, 34 .U 5, 748. 60 7 ,8 . .7894 8* 7 87 1 is9 0 93. 2' 0.

84. 10. 09.2 03.141 0.. 14 9 19 07 52 89 88 1 '1. 9. 04. 17. 7. 5by8402 02 2
44.9 7 45. 7 47 .. 4..l is 4.. 07 24 0 ,9 .

7, ... 7.7 .. ' 87 60.1 842 84.1 80.1 4 20 8 84 84 2 2 82 02, 12 870 884 04.8, . 64-10001 96-11 63.)

827 ~ ~ ~ 754 410 '1, .~ 11. N8. 71 734004 7$20 46% Ml 7Is2 01 It2 441744 4 9 7288 79024.

621 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6 42.7,7 .'70 2. 41107. 40 2970080140097. 8 7 .74. 700 7 2 19.9 98.4 98.
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Table VI-A. VARIATION OF TEMPERATURES INSIDE SHELTER"

7 x 7 x 7 ft. shelter; 5 occupants;
7 cfmn/occupant

Hrs. -

Time From Start of Test, Days.

T.C. 0 6 12 18 24 30 36 42 46 54 60 66 72 78 84 90 9ý
N.. 0 1 2 3 4

AIR TP•KPEMATKxs

SUPPLY DUCT
DB 15-1 45.0 93.6 82.1 68.3 80.1 94.7 83.1 70.3 81.7 95.6 83.2 79.2 82.8 95.2 82.9 71.7 81
WE 15-9 44.8 77.6 72.9 b7.9 73.7 79.8 73.2 61.0 73.3 79.1 73.3 70.5 73.7 76.3 74.2 69.7 7:

RETURN DUCTDB 16-2 45.9 68.2 71.0 70.1 72.1 73.0 74.0 72.4 73.0 76,1 76.3 73.4 74.2 77.2 76.9 73.9 71

S16-1 45.0 65.2 69.8 70.0 71.1 72.1 73.4 72.3 72.7 75.1 75.1 72.8 74•.2 76.3 76.8 72.7 7r

SHELTER AIRCenter-6 ft. elevDB 15-12 45.4 76.3 74.8 71.3 75.9 79.8 76.1 72.4 76.0 81.6 77.2 74.0 76.8 81.9 78.2 73.9 7

15-11 45.0 69.4 70.9 68.5 72.8 71.8 72.9 70.7 73.3 74.8 74.8 72.2 74.1 75.1 76.1 71.8 7

15-4 45.4 68.2 71.4 70.4 73.0 74.2 74.9 72.7 74.2 76.5 77.0 75.2 74.6 78.2 77.9 75.3 7:3-1/2 ft elev DD 15-3 46.0 66.4 68.8 68.0 70.8 71.8 72.3 70.6 71.8 73.9 74.6 73.1 73.6 75.9 75.6 73.0 7
15-3 46.0 66.4 68.8 68.0 70.8 71.8 72.3 70.6 71.8 73.9 74.6 73.1 73.6 75.9 75.6 73.0 7-

1 tee I 15-2 47.4 66.5 68.8 67.9 70.8 70.8 72.3 70.6 71.8 73.9 74.6 73.0 73.3 75.9 75.6 73.0 71 ft elev DB 15-1 45.1 63.9 66.2 66.3 68.2 69.9 70.1 68.4 70.5 72.6 71.7 70.4 71.5 73.4 73.0 71.8 7

INSIDE SURFACE TE4PERATURES

SECTION C-C

Wall 6-10 44.2 66.3 68 3 66.4 69.4 71.9 72.8 69.2 71.2 76.0 74.5 70.0 72.0 77.6 76.5 72.4
7-4 4; & 67.6 70.1 68.8 71.2 74.0 74.0 71.3 72.5 76.8 76.4 72.1 73.8 78.7 77.3 73.7
7-10 44.2 63.0 67.9 68.8 69.9 70.6 72.8 71.9 72.1 74.0 74.2 73.0 73.2 74.8 76.8 74.6
8-4 46.2 60.7 64.9 66.2 68.2 68.9 70.1 70.0 70.3 72.2 72.7 71.2 71.7 74.3 74.2 72.9
8-10 47.1 57.4 64.0 65.8 66.9 68.0 69.8 69.9 70.0 71.7 72.5 71.2 71.5 73.9 74.2 72.9

Ceiling 9-4 44.7 69.3 ul.7 70.6 73.3 74.0 73.1 70.9
10-4 43.3 66.3 68.8 67.2 69.2 72.8 73.1 69.8 70.9 76.4 /5.4 71.2 72.7 77.4 76.8 73.6

Floor 10-10 46.3 62.0 66.7 68.3 70.3 71.2 72.2 72.1 72.5 74.8 4.9 73.4 73.9 76.5 76.4 75.3 7
12-4 45.6 56.3 61.3 62.7 64.7 66.2 67.7 67.4 68.1 70.0 71.0 70.4 70. 72.8 72 7 72.1

SECrTIO D-D

12-10 44.6 63.6 66b.• b5.5 67.3 6Q.0 69.7 68.3 68.7 71.6 71.8 70.2 70.1 73.2 73.1 71.1
13-4 45.9 62.0 64.3 b4.4 66.3 68.4 68.8 67.4 68.5 71.4 70.9 68.3 69.8 73.0 72.3 70.3
13-6 45.9 62.3 66.3 6W.4 68.0 69.3 71.0 69.8 70.3 72.7 73.1 71.7 71.3 74.4 74.4 72.3
14-2 47 . 59.9 63.3 64.4 66.) 67.6 68.1 68.0 68.6 71.0 70.8 70.0 70.0 72.8 72.3 71.0
14-b 4.7.2 57.0 61." b2.7 64.2 64.9 66.5 66.8 67.0 68.2 69.2 66.7 68.2 70.4 1)q, 70.0

SIMOC SY IN TCIERATU•ES

Center-Top 18-7 4ý.8 7S6.! 7, 79.0 81.0 81.9 82.9 81.7 81.9 84.2 64.3 83.o $2.8 65.3 85,3 82.4
Ilddle 4N.0 75. 738.1 77.7 79.4 80.3 81.6 7q.8 80.7 83.4 63.2 81.9 81.9 85.1 84.4 87.0
botto9 1 4%., 7S.3 78.1 7:.8 79.0 80.8 81.7 80.2 80,9 83.8 63.2 82.2 82.3 85.0 64.6 A2.0

In Corner-NMddle 18-10 44.8 7) 78.1 78.1 80.2 81.8 81.7 80.4 81.1 63 8 83.1 82.1 82.z 79.9 64.6 $2.0

OUTSIDE AIR ToDtli.K5 19-5 30.1 31.4 30.0 10.0 32.3
b 12.37 11.3 .32.1 J1.0 0.2o 70.3 32.4

A
*For detailed description of thermocouple locations see Sec. IV-A and B.



ATURES INSIDE SHELTER

Iter: 5 occupants;
occupant

i

firs. -
STest, Days -• 96

36 42 48 54 60 66 72 78 84 90 96 102 108 114 120 126 132 138 144 150 156 1( 4

2 3 4 5 6

MOM

83.1 70.3 81.7 95.6 83.2 79.2 82.8 95.2 82.9 71.7 81.8 94.5 81.3 71.1 82.9 94.9 83.0 71.4 84.3 96.8 84.3 71. 7f

73.2 69.0 73.3 79.1 73.3 70.5 73.7 76.3 74.2 69.7 76 1 78.2 75.0 70.5 75.3 78.7 74.9 71.4 76.2 74.8 71.2 68.

1 76
74.0 72.4 73.0 76,1 76.3 73.4 74 2 77.2 76.9 73.9 76.2 78.0 77.7 74.4 77.1 78.8 77.9 75.2 76.7 79.3 78.1 76. 75

73.4 72.3 72.7 75.1 75.1 72.8 74.2 76.3 76.8 72.7 75.8 78.0 77.0 74.1 76.7 77.1 76.1 74.9 75.1 76.9 76.3 75.,

! i 78
76.1 72.4 76.0 81.6 77.2 74.0 76.8 81.9 78.2 73.9 .0 75.1 77
72.9 70.7 73.0 81.6 7.2 74.0 76.8 71.9 78.2 73.9 78.4 82.2 78.9 74.1 78.0 82.4 80.3 75.3 79.6 84.1 80.0

3.3 74.8 74.8 72.2 74.1 7.1 76.1 71.8 77.0 76.5 76.6 71.5 76.3 76.4 77.0 71.4 76.4 75.4 75.0 71..• 5

74.9 72.7 74.2 76.5 77.0 75.2 74.6 78.2 77.9 75.3 75.4 78.9 78.0 74.9 77.2 78.9 78.3 75.3 77.4 79.3 79.0 76. r
72.3 70.6 71.8 73.9 74.6 73.1 73.6 75.9 75.6 73.0 75.0 76.1 76.3 74.1 75.4 76.8 76.5 74.4 75.8 77.4 76.0 74. !

72.3 70.6 71.8 73.9 74.6 73.C 73.3 75 9 75 A 73.0 75.0 76.7 76.3 74.0 75.4 76.8 77.1 75.3 76.8 77.5 76.0 75.4
70,1 68.4 70.5 72.6 71.7 70.4 71.5 73.4 73.0 71.8 73.8 75.0 74.1 72.8 73.8 74.7 74.0 72.3 74.0 74.9 73.3 72.

75

72.8 69.2 71.2 76.0 74.5 70.0 72.0 77.6 7h.5 72-4 75.3 79.3 77.6 74.0 75.0 79.6 76.4 74.2 75.9 79.8 76.3 74.j 75

74.0 71.3 72 .5 76.8 76-. 72.1 73.8 78.?7 3 73. 7 75 3 79.7 78.0 74.3 76.4 79.6 77.9 74.3 76.9 80.1 78.4 75 75

72.8 71.9 72.1 74.0 74.2 73.0 73.2 74.8 76.8 7-.6 75.3 77.2 77.2 75.3 76.5 76.4 77.7 75.2 76.4 78.0 79.0 76.
70.1 70.0 70.3 72.2 72.7 71.2 71.7 74.3 74. 7 '.9 73.6 75.1 74.7 73.7 74.2 75.3 75.1 73.6 75.2 75.8 75.3 74. 7

69.8 69.9 70.0 71.7 72.5 71.7 71.5 73 - 74. .7 73.1 74.7 74.5 73.6 74.1 74.4 74.6 73.6 74.3 75.5 75.9 74.

73.1 70.9 74
73.1. 69.8 70.9 76.4 75.4 71. 71 . 7 7.4 f 7. 6 74.9 79.3 77.7 74.1 75.4 79.5 77.7 74.9 73.2 79.4 77.2 75. 75

72.2 72.1 72.Is 74.8 74.9 731 . 1.4 5 7 b. . 75. 3 75.7 7o, A 76.3 75.3 75.8 76.9 7t.5 75.1 75.9 78.5 78.1 77. 73,

67.7 67..'. 68.1 70.0 7 1.0 10.4 70 . 2. 2 7 . 7 .7 ..73.3.3 74.2 75 2 75.0 72.8 73.2 75.7 74.3 73.

72.
71

69.7 b8.3 b6 .7 71.6 7, _. 2.. 73.2 71. 7I.I 72,0 4.7 7ý. h 71.9 72 • 74.•1 73,7 72.0 72.6 74.8 74.4 73.i 73
8.8 67.. b8.5 'l.- 70.q 9 : , 7 1. h 71. A 7 5 72 7 70.8 7 I.I 73.4 73.3 11.7 72.0 74.0 73.1 71. it1' ,7 .7 7 . 74.

.. (0 69.8 70.3 71.7 13.1 71." 2 I 74.. ;. * ;2 73.2 T 74.7 72.9 7).9 7? 3 75.0 73.0 74.3 15.7 75.7 74.j 10
b.i3 68. 8.6 71.0 '0.8 7). 0 71.2 71 .. 72.' 71 1 71.9 71 2 7 i 72..0 72.1 74.0 73.1 72.

"6.5 , s ,7.0 1,2 •6' •,4 7 b . " 0 0 70.2 i2t0 '11 70.1 71.4 71.7 71 70.) 70.6 7!.9 71.7

S" . I 8 1 4 S4 -2 _ . 8 1 1._ 0 8 "•2, S 8 1 ' , •% b 4 8 % 5 9 4. 9 08 5 8 v, 8 5 .6 84 .9 8 ý ) 8 . S o.! c,6'
81"7. 7 8.. 13. 1 [4 81.4'. ~L S4. 82.01 41-V,8 5,6 b 4.- -27 4.. 85.o 6" 5 a2.0 84. 6 5.3 145.2 .

81 .~' o2 8.$812 2 8. .~.0 .,~ ? 8 8 8~~ 84.8 821 A 64.h 85,6 85.'4 82.6 64.2 66.1 65.) 64 a
'41*I A AS 6! .5 84. 82 82 4.8..8 18 8 S8 0 g4. 4 9b.0 65.9 b.1.9 64.3 66.1 65.3

,3 1 1# 1 J0.8 34. 41.) 8. 4 •4.6 36.4 W O6 14.6 32,
12,! lb .-. 30 9 .1 1 4 1.)3 8.4 14.6 36.2 39,5 14.2 32.1

al It 6 14.1 V.1 e.4 )4.6 I 0 35.2 a4.) U2.

..o11p 1 c. iocatioi's see Sec. IV-A and B.B



96 102 108 114 120 126 132 138 144 150 156 162 168 174 180 186 192 198 2u4
4 5 6 7 8

81.8 94.5 81.3 71.1 82.9 94.9 83.0 71.4 84.3 96.8 84.3 71.4 83.8 96.2 83.3 70.9 84.1 97.7 83.8
76.3 78.2 75.0 70.5 75.3 78.7 74.9 71.4 76.2 74.8 71.2 68.4 73.0 77.5 73.0 68.8 73.o 77.9 71.4

76.2 78.0 77.7 74.4 77.1 78.8 77.9 75.2 76.7 79.3 78.1 76,1 76.8 79.3 78.6 76.4 77.9 79.2 79.2
75.8 78.0 77.0 74.1 76.7 77.1 76.1 74.9 75.1 76.9 76.3 75.2 76.7 77.6 78.0 75.5 76.9 77.3 78.3

-78.4 82.2 78.9 74.1 78.0 82.4 80.3 75.3 79.6 84.1 80.0 75.3 78.9 82.8 79.0 74.8 79.1 83.3 80.0
ý77.0 76.5 76.6 71,5 76.3 76.4 77.u 71.4 76.4 75.4 75.0 71.8 75.4 74.8 76.3 72.1 76.9 76.5 77.1

25.4 78.9 78.0 74.9 77.2 78.9 78.3 75.3 77.4 79.3 79.0 7..1 77.6 79.7 79.0 76.4 78.2 80.0 80.0
1'.O 76.7 76.3 74.1 75.4 76.8 76.5 74.4 75.8 77.4 76.0 74.9 76.2 77.2 76.3 75.6 76.8 77.8 77.9

75.0 76.7 76.3 74.0 75.4 76.8 77.1 75.3 76.8 77.5 -'.0 75.2 76.3 77.3 76.4 75.8 76.9 79.1 76.0
73.8 75.0 74.1 72.8 73.8 74.7 74.0 72.3 74.0 74.9 j.3 72.4 73.7 74.7 73.9 72.2 74.5 75.7 74..3

75.3 79.3 77.6 74.0 75.0 79.6 76.4 74.2 75.9 79.8 76.3 74.6 75.8 79.0 77.7 74.9 75.6 80.7 77.0
75.3 79.7 78.0 74.3 76.4 79.6 77.9 74.3 76.9 80.1 78.4 75.1 76.4 80.4 78.9 75.7 76.2 P1.4 79.9
75.3 77.2 77.2 75.3 76.5 78.4 77.7 Y5.2 76.4 78.0 79.0 76.6 76.8 78.4 79.1 77.0 77.2 79.0 78.3
73.6 75.1 74.7 73.7 74.1 75.3 75.1 73.6 75.2 75.8 75.3 74.8 75.0 76.3 75.9 75.2 75.3 77.4 76.9
73.1 74.7 74.5 73.6 74.1 74 4 74.6 )3.6 74.3 75.5 75.9 74.9 75.0 76.0 76.3 75.0 75.3 76.9 77.2

74.9 79.3 ;7.7 74.1 75.4 79.5 77.7 74.9 75.2 79.4 77.2 7,.0 74.7 79.4 78.3 74.4 74.7 80.0 7a.1

75.7 76.8 76.3 75.3 75.8 76.9 76.5 75.1 75.9 78.5 78.1 77.3 76.6 78.A 78.9 77.8 77.8 80.6 9
73.7 74.7 74.2 73.3 74.2 75.2 75.0 72.8 73.2 75.7 74.3 73.0 73.1 7!.0 73.9 73 4 73.8 75.6 1 .2

72.0 74.7 73M 6 71.9 72.6 74.3 73.7 72.0 72.6 74.8 74 4 73.0 73.2 75.0 74.9 73.2 7).4 75.1 75.0
71.6 73.5 72.7 70.8 71.9 73.4 73.3 71 7 72.0 74.1) 73.1 71,7 72.2 74.4 73.7 72.3 12.5 75.6 74.3
73.2 75.b 74.7 72.9 73.9 75.3 75.0 73.0 74.' 75.: 75.7 74.1 74.5 76.' 76.3 74.4 )'4.7 76.9 76.7
71.2 73.4 72.6 71.1 71.9 73.2 73.1 72.0 72.1 74.0 73.1 71.1 72.3 74.2 73.7 72.3 72.5 7? .4 73.9
70.2 72.0 71.1 70.1 71,4 71.7 71.1 70,3 70.6 71.9 1.7 71.2 71.2 72.8 72.4 71.3 71.5 72.8 72.7

-1.8 86.4 85.5 &6.8 $5,2 86.9 85 6 6489 8.5 8fWe l.1 65,9 85.) 87.4 87.0 85.8 $6.t) 87.1 86.7
C-, 85,6 84.7 82.7 94,4 65.0 85W5 82.0 64.5 85.3 06.2 63.8 84.3 $6.2 85.7 63.6 85.0 84.3 85.7
.1,8 65.6 54.8 82.8 64.6 65.6 85.9 82.8 &.-.2 38b.l A5.3 64.2 84.4 56.4 65.7 84.7 85.2 86.8 86.0

81.8 85.6 as.8 83,0 94.9 8sO 85.9 82.9 84.3 "6.1 85.3 64.: W,4 86.5 65.7 84.8 65.3 8,6$ W6.0

16.1 30.8 19.4 41 3 30.4 34.6 36,. 39.0 34.6 33.2 it.3 37.3 31.9 39.9 45.4 WV.2
36,, 30 9 39.3 41.3 18.4 34.6 36.2 39.5 34.2 3'..; 37.4 3!.) 31.9 39.1 45.4 Wl.7
14.8 11.6 34 3 37.1 36.4 34 6 35.0 35.2 34.3 12.2 3.ý. 36.1 312.9 315 33.5 A4.6 34.2

C
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Table VII-A. VARIATION OF TEMPERATURES INSIDE SHELTER

7 x 7 x 7 ft. shelter; 5 occupants;
15 cfm/occupant

Tim o m $"ft of Test, 0".

4.C. 6 12 16 24 30 34 IL 4 34 60 46 72 78 40 90 96 2 1006 114 120 126 132 138 14. 150 15t
me. 1 2 3 4 3 6

All "DOMUtA1UM81S

SUPPLY DUCT
DB 13.10 47 6 94.6 80.6 49.0 82.6 40.4 60.3 44.6 63.3 40,1 40.3 48.1 61.3 97.4 63.3 60.4 97.0 9:.2 62.4 70.9 04.9 Ws 04..S1-9 44.6 78.' 73.2 16.9 7.0 77.4 72.1 16.4 77.7 77.1 7. 67 2 771 3 747 3 7.1 72.0 74.2 70.2 67.9 72.7 74.3 71.

DS a6-2 42.4 64.9 69.2 66.9 70.0 73.9 73.3 49.6 72.3 73.7 74. 1 71.4 73.4 7,.7 74.0 73.1 78.0 76.4 79.2 73.5 735-1 77.6 76

44 16-1 41.4 63.1 68.1 66.0 68.A 71.3 73.2 68 1 71.3 74.6 743.5 71.3 72.7 74.4 s.s 74.0 79.1 73.2 74.4 73.4 73.8 73.0 71 .
SHELTER A11t-Center 773 77 7.0 2. 7.

6 ft @I" D& 1.-17 44.8 74,1 72.2 48.2 73.2 78.0 74.6 70.0 71.7 79. 75.8 70.2 74.0 61.6 77.3 74.6 63.6 62.2 77.3 73.7 77.0 62.4 77.
4 51,-11 4.3 697 61.7 61,6 64.1 72.: 72.1 6.9 70.: 72.7 72.0 61.4 72.0 74.8 73.0 72.1 74.7 73.1 71.8 70.9 72.0 73.8 72.

15-4 44.0 :7.7 67.9 61.2 67.7 71.0 71.3 1.4 70.6 72.0 72.0 49.9 72.3 73.0 74.2 74.0 79.4 73.2 74.3 72.8 74.1 76.3 75

3-1/2 ft elev DI 15o, 42.9 64.7 67.4 63.2 67.7 71.6 71.2 68.0 7.2.0 72.72 7.2 719 72. 70.7 73.9 73

"13 : 64-. 1 4.7 47.4 4.2 67.7 71. 70.9 4.0 70.2 72. 72.3 G9.9 72.3 7.2 74. 2.. .:9 73. : . .9 73:.3 7.3 7S.
I ft *eI" D i 1 . 43 62.0 590 63.9 66.3 68.9 648. %%.1 38.0 70.2 70.2 67.1 70.2 71.5 71.9 7.8 70.2 7 I.3 71.1 70. 71.3 71.0 72.

INS1l9 SER1AM TDIFOAT3l32

Sg4TIO C-C

a111 6-10 4.- 65.. 68.6 64.0 68.3 72.8 70 8 64.3 49.8 74.2 72.4 49.0 73.9 71.1 73.3 92.6 73.3 74.8 74.0 49.3 711. 75.5 7.

7-4 42.7 64.7 69.0 43.4 69.2 74.2 77.8 44.0 70.9 71.7 73.4 70.0 72.4 77.1 71.2 75.6 76.2 77.7 73.2 '1.1 73.2 78.3 7i
7-10 42.7 42.4 47.4 96.4 66.9 71.8 72.6 6.6 70.7 73.6 /3. 79 9 71.9 74.7 79.0 72.3 76.4 74.1 75.3 72.7 ;3.2 77.2 71
8-4 54.3 3.4 41.9 42.1 64.2 47.:1 GO.2 64.66 4. 69.4 1 0.0 1: .4 64 .0 71.4 72.4 71.1 72.2 '2.7 71.6 70.3 72.7 73.2 72

3-10 4 3.4 94.7 •1.0 41.4 63.4 6.6 47.7 646. 67.3 49.2 49.6 69.0 GO.3 71.0 71.2 70.4 70•.4 2.4 72.0 71.0 70.1 73.3 7'

",eilln0 9.4 43.2 64. 646.3 63.6 47.1 70.7 70.7 ;6.9 .8 72.8 71.3 64.3 71.4 73.7 73.1 702. 75.6 73.6 70.6 72.1 76.3 71
10-4 41.2 4.32 67.0 63.2 67.1 72.2 70,7 6.6 87 772.4 71.3 '":.3 70 7 76,0 73.3 71.7 73.7 74.9 13.9 70 1 71.6 75.7 7
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*For detailed description of thermocouple locations see Sec. IV-A and a.
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TEMPERATURES INSIDE SHELTER

shelter; 5 occupants;
cfm/occupant
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Table VIII-A. VARIATION OF TEMPERATURES INSIDE SHELTER

21 x 7 x ? ft. shelter; 15 occupants;
no ventilation

Time From Start of Test, Days

.C. 0 6 12 18 24 30 36 42 48 54 60 66 70
AXm jNo. 0 1 2

SHELTER AIR
Center
6 ft elev
DB 15-12 68.7 78.9 81.4 83.9 85.7 86.6 87.7 88.8 90.9 91.4 92.4 93.3 94.0
WB 15-11 68.7 77.1 79.6 81.3 84.3 85.0 86.2 86.8 'Q 2 90.2 91.3 92.2 92.3

3-1/2 ft .1ev
DB 15-4 69.0 78.9 81.8 83.3 85.7 86.6 87.8 88.8 90.9 91.9 92.6 93.9 94.8
WB 15-3 68.6 77.7 80.4 82.4 84.6 85.3 86.6 87.9 89.7 90.6 91.9 93.0 92.4

1 ft elev 15-2 68.2 77.7 80.4 82.4 84.4 85.2 86.6 87.5 89.7 90.2 91.4 92.8 92.4
DB
WB 15-1 68.2 77.7 80.4 82.3 84.2 84.9 86.5 87.5 89.6 90.2 91.3 92.8 92.4

Near wall
3-1/2 ft e1ev
D- 15-6 69.0 7J.9 81.3 83.4 85.6 86.5 87.7 88.8 90.5 91.4 92.4 93.8 93.9
W' 15-5 69.0 78.9 81.2 83.4 85.5 86.5 87.6 88.7 90.4 91.4 92.0 93.8 93.8

In Corner
3-1/2 ft elev
DB 15-8 69.0 78.9 81.3 83.3 85.6 86.5 87.7 88.8 90.5 91.4 92.4 93.8 93.9
W'B 15-7 69.0 78.9 81.3 83.3 85.6 86.5 87.7 88.8 90.5 91.4 92.4 93.8 93.9

NSIDE SURFACE TMS RATUJRS

SECT•ION C-C

wall 6-10 69.4 76.2 79.1 81.6 83.0 84.0 85.5 86.5 88.3 89.0 90.2 91.3 91.8
7-4 68.6 74.9 78.1 80.8 81.8 81.9 84.4 86.2 88.0 88.3 89.8 91.3 91.8
7-10 68.6 76.2 18.6 82.4 84.2 85.2 86.6 88.2 89.4 89.8 91.5 91.8 92.8
8-4 66.9 74.0 77.1 79.8 82.1 83.1 84.4 86.2 87.5 88.4 89.3 90.4 91.3
8-10 66.9 72.9 76.2 78.6 79.8 81.9 83.1 84.2 86.2 87.2 88.1 89.5 89.7

Ceiling 9-4 69.4 75.7 80.4 82.4 84.2 85.3 86.9 87.9 89.4 90.2 91.2 92.7 93.0
9-10 69.0 75.4 79.2 82.3 84.2 84.9 85.8 87.4 89.2 89.4 91.0 92.3 92.9
10-4 68.2 75.2 78.8 82.1 83.9 84.0 86.1 87.4 89.1 89.3 91.0 92.3 92.9

Floor 10-10 68.1 76.7 81.2 83.3 85.6 85.7 87.88.4 90.2 90.5 92.1 93.3 93.9
11-7 68.1 78.7 81.6 83.8 85.6 86.9 87.9 89.0 90.8 91.4 92.4 93.4 93.9
12-4 67.3 75.7 77.8 80.9 82.4 83.5 84.9 86.2 87.6 88.4 89.4 89.2 91.2

SECTION D-D 12-10 69.9 74.6 77.6 79.1 81.4 82.3 84.0 85.0 86.3 87.2 88.5 89.6 90.1
13-4 69.9 73.4 76.2 78.4 80.5 80.6 92.8 83.6 85.4 86.0 86.9 88.4 89.6
13-8 69.0 74.0 ?7.3 79.5 81.8 82.7 84.0 84.3 87.0 87.9 89.0 90.3 90.9
14-2 66.9 72.1 75.8 78.5 81.0 81.5 82.8 84.1 86.2 87.2 68.1 89.2 89.7
14-6 66.9 73.2 75.1 77.8 79.7 80.4 82.2 83.2 84.6 84.8 86.9 87.8 88.2

Hoc SKIN TIMFERATURIS

Centear-Top 18-7 68.7 85.3 el.2 90.1 91.2 91.8 93.4 94.3 96.1 97.3 98.2 99.9 100.9
.i•ddlo 18-8 68.5 85.8 88.2 89.8 91.3 92.1 93.9 94.3 96.4 97.4 98.4 99.9 301.4

Bottom 18-9 68.1 85.7 88,2 90.1 92.0 92.1 93.8 94.3 96.4 97.3 98.3 99.8 100.5

Near well-Middle 18-10 68.1 85.3 89.3 88.6 89.9 90.0 93.8 94.7 95.0 95.8 98.0 97.7 98.2

In corner-Middle 18-11 68.5 82.3 85.0 87.0 88.7 89.9 93.0 93.8 95.7 95.9 96.3 98.4 991
rSUM AIl TDBRAT•U8 19-5 64.8 69.3 63.4 69.2 72.0 87.2 75.1 67.4 78.7 93.2 79.2 72.9 73.9

19-6 64.8 69.4 63.4 69.3 72.0 88.7 75.1 67.4 78.6 93.7 78.6 72.8 73.8
19-7 64.8 68.7 63.4 69.3 70.7 87.8 74.! 67.3 78.6 93.6 77.5 72.3 73.8

•For detailed description of thermocouple locations see Sec. IV-A and B.
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Table IX-A. VARIATIO7N OF TEMPERATURE INSIDE SHELTER* i

21 x 7 7 ft. shelter; 15 occupants - 1..5
3 cfm/occupant 4nt

, Ii
I-

TI" Vro. Start of rtht.,8- -_____________ -

T.C. 0 6 12 18 24 30 36 42 48 54 60 66 72 78 4 70 96 102 108 114 120 126 132 138 84
NO. 0 1 2 1 4

IThU15:10 74.4 94.6 82.5 72.2 83.3 98.3 15. 72.5 87.3 96.3 63.0 95.9 83.4 ;2.2 83.4 96.6 83.8 72.0 83.9 9S.; 81.• 72,3 7 .'

05 70.0 72.4 2. 1 1 .2.7 68.0 75.8 76.1 72.2 68.2 71.1 77.8 72.7 69.1
RTR OM 12,5

n 16- 55.7 S.6 72.: 7. 753.9 76 5 76.5 76.9 77.4 ;79,0 !q, 62. 82.i 5 61.1 83.0 12.: 8 1.22 1 ; fl3, 1 83& 8. 3 2.5
WE 16- 52.7 56 9 72.2 73.4 73.86 764 . 77.4 7949.0 74.0 81. 82.5 60.9 3 0 82.8 83 2 31 826 82.5 650 82.6

SUJ .I AIR

6 ft It 61
* 13-12 59.1 72.0 72.2 72.6 "i.7 75.7 76.5 76.0 76.9 75.9 60.0 82.1 81.9 60.6 82.5 82.3 63.1 81.9 810 61. 83,6 62.5 81.8

* 13-11 54.5 57.8 70.06 72.2 7S.6 72. 75. 3.3 73. 7258V 018. 7. 21 8. 29 79.4. o3. S,8 9.. .
3-lI? ft e1.. 480.5

8 15-6 W4. 70.7 73 6 74'.1 75.6 77,6 77.9 76 3 77.3 79.6 78.6 83.0 80.5 0 OD 82.2 84.3 63,1 81.9 83.0 84.3 84.21 62./ 4 . 0.
Ml 15-3 52.8 69.2 71.9 72.3 74.7 7M.5 77.0 76.1 76.7 72.5 76.2 81.5 80 80.8 S1 3 82.2 82.0 81.4 80.' 83.0 8.!3 82.3r

* 15-2 538.3 3 71.6 72.3 75.0 75.5 7- 1 76.9 77.3 77.6 8;.0 2.1 82.5 61.6 03.0 8. 83. 8S.2 63 .1 3.2 8-.1 J.'4 . 0.4
tat 15-1 69.2 ;1.8 72.2 75.0 55 76 6.6 768 .1 27.2 7A.0 $1.0 30-4 60.8 80. 61.5 61.6 3 81.62 .0 62. 0 62.3

i •k~at vail

3-1/2 ft *.0 .5
a 15-6 56.5 70.6 73.4 74.1 75.6 77.6 77.9 78.4 27.3 70.6 76.7 33 0 80.5 81.5 83.7 84. 83.3 62.4 83.3 3 8.. -2 83.1 . 06 5
W2 15-5 S6.6 70.6 73.4 74.1 75,6 77.6 77.9 7j.3 '7.3 79 6 78.7 83.0 80.5 81.2 82.5 84 5 83.2 82.1 S-) 8 9.. 84.2 82

13 cc n'.?
3-1/2 80 .1.'. 1 80.52t* 15-8 3504 70.1 72.7 '3.5 75.6 77.6 77.9 26.6 27 3 79.3 78 8 82.3 80.5 61.7 650 0 1 83 3 82. 63.1 8-3 64.2 831 .0 80.5

15-2 S.. 20.1 2Z.7 23.5 77.6 72.3 76.5 7'.) 79 3 8.7.6 81 0 841 07 30 8.. 83.3 8.1 81.2 83 g .

19510O SURFACE T•U8?

SE- MC-C

wall 6-10 5 65 ) -0 9 ' 3. 9 A' 5.. ;5.8 /0.1 It 3 08 3 so 3 60 -1 2 I0 SO , 81 2 1 .A 1, 7So0 81.8 42-.1 82 8 82.1111 60 2.0 4 7 6 s 3 9 74 '9 0 8 78.9 82 2 8 8 I1 ' 3 017 81 . 8 2.4I 71 4 758 82.S
10 , 4. 0 1 '3 . 2, 0 76 2 1. . 2. C2 '.1 8 0 2.

8 88 .• 0 1 807 1 8 83. 81 ,81.. 8 4 82 7q 2 8 ; 02.. 9 29 3
8 10 5 8 64 1 b 3 70 0 7 ! 0 ' 8.2 . 9 9 7k 91 '97 8 1 2 8 1 3 81 M 8. 1 0.

9. 0 • .8 11 z ,: .7 , 4!, , , ) S!3 4: A] 8.13 S, '1, 81 ... ,1 8, ;l:h
721408 9 8 678671 0 7 1 82 7 62 0" 62 3 1S 133 0 87 0 .%

910 ~ ~ ( 7. 7. 2t "I 1 81 8 1 7 73 3 6 2. 238 . 18 3348.
11O- 3. ,,7 0 " ' 7. , 7,. . 82 783 ' 0. 7, . .. , . . ., -9 85 7 , . 8 , l '. . 8 2 , 8 0.

A.- A

*For detailed description of thermocouple locations see Sec. IV-A and B. scat

I;/#8



INSIDE SHELTER *

5 occupants ;

S4 90 96 102 too8 14 120 126 1321 3 1"I• ;so 156 162 1"0 174 Ito 116 192 1"0 206 210 2169 222 2116 24 2402 146 IS;

3 .2 83.4 96.6 83.9 72.0 $31,9 95.7 $3,4. 72.3 46.2 96.4 05.7 73.2 8J1.2 "8.0 85.4 73. 1 86.4 ".I2 46.6 47:1, 14,$ 1 7. 4: y,1 " 7 4, o 76. 6 n..16
7 2.7 6 8 .8 75 .8 76 .1 72 .2 6 5.2 13 .1 7 7 .8 7 2.7 6 9.1 7•.1 . 7 7 .3 73 .9 70 .3 ??. 5 7 75 .6 7 2 .0 64 -0 7 3 . 2 7 4. 7 7 1. 4 7 7 7 . 3 7 . X 3 8 8 7 , 6 0 7 .

_:2.5 .31 . 8,., 13. 8a..2 1 3! 8., 6,1:0 03. : 05.1 0 8:2 64.4 15.3 ,6 84 4 8 5. 152 U,' 4478. $. 598.2 $5.0 $59 N 8 9+ 5. 4 J65 .U .)l+
•2. 5 811 8 .0 1. 3. 2 3. . 82 .6 82.5 65. 2.4 M. 8. 3 86.2 83.3 85. 4 1 5 1 1 83 :S •5 85,4: 5 5 | B .• • . 5 2 8 .0 8 . ., .

1 1 1 8 0 8 a, . 8a. a3 . a1 , 8j. a3 . a s. 82. 6. a s. 5 1 1 . 6 5 6 . 5 3 • . 1 7 R . 5 9• + 5 % • 8 8 6. 86 . 3 0. 4 6
•I t . A8 8 ý ' '. .8 0 9 ' 8 82 '.9 7 ' .' 4 8 '3 :.0 8 1 . a a l 8 0. 7 . f 2 . • 2. 32 93 1 3. 8 1 . 5 . 2 8 2. b 5 .3 i~ 75 , & Z. 31 8 1 . 6 1 • I 8 . 5 •

to. 5 so+ 62.2 84.3 81.1 8•1 9 83:0 843 $4.2 :28.4 04.1 ".I1 85.1 83:56 $4.4 86.2 84 . & 8 6,, .3 8",3 83.8 86 3 In5. $7.2 WI•- 65, 01.0 :1.2 66

,0.9 60.8 al .3 82.2 a 2.0 al .4 s 4, 63.0 83.) 82.3 62.9 84.3 04.2 335 83.6 84:2 63:9 :1.4 A3.& 84:9 W S- 8 4- : 1 $. A 04.6 ft $A 8.6 855 r

12.5 SI,• 63.0 8.3 83,2 $2.3 53:1 832 a4. 1 2.4 •. 84 . 85 1.6 64. as, 15. 10. 86. 65. 95. Is. 05. as0M • •. . ,7.+

0 ,45 0 1 , a l. 8 0 . a 8 .• 2 .9 2 .0 1 2 , 1.3 82 3 3 . 9 8 3 . 4 • 3 .2 8 3.6 3 .9 8 ,4 1 3 , 4 , 8 4 .2 6 .4: 40 • , & ,? • , 1 + 5

•05 8. 3.0 94.6, 83 1 62.4 SJý3 84.3 44.2 83.1 84.5 B6. 2 1 3 84.1 $4,7 866 6 $51 as. 8 ,5 5 .4 .6 048 ". 8. al .3. W I. 87.1 70 67,

10.5 81. 82.5 -+5 83,2 82.1 3.! $4.3 e4 2 82+ ".1 86.2 85 1 $3.6 4.6 ¢6 3 6,4 9 305 8.10 a3, 61. 0:8 1, 041& 03:9 47,: 1 , W I 11,1 $6.0 1.0 6.•

)O• 8. 30 8,4.! $1.1 12.4 83.3 84.3 54 31 •. 61 1,3 • 3 g+ 84, -•. I 3. WI- 86.9 j-j U- 's "- .4 P.9 W I. as., 47.0 17

:0011 8.1.1 fl.0 ,. 3 82.4 833 k,4. 3 84.2 81 1 84.7 : l6, :53 :3 4•7 6. 05.1 3. 85.5

:0.2• 84) 1 t 81.7 81.7 81.0 81.7 82.2 82-8 82.3 83.0 a). ' 83.7 Al. ý M 4,6 04. I .0 83.4 03.1 14.3 84.6 84. $4.6 Is.| L , "A W..7 18.0 85.8 $1.1

0 11 %1 ý " a "3 3: 10 1K. " I ft. "• 8' •'6 1" 33 8 5" 36 1' 30 8"2 8' &38' ' I&' r 4 ".)5 U.t0 )56$ 15'

1 90 00O al87 O •81.4 ii. n 82". 2.1 4.4.• 83.L 1." : 3.6 63" 4 "3 14"0 $4.0 8$.4 83 1 63.9 44a 6 3 0 5 63" . ' 89" $3., U 5 05.4 85 6 as,

9,3.q Mg NI' 31-2 80.7 61, 3 61.d 02 3 82,3 83.1 83 8 24.1 83.9 83. #1 9.0 84.)$13.0 W5+t 8 .0 14,4 84. •. 5 04-4 $3:0 1047 UA.4 85 0 65,7 y 1i,'

1- a 1 , :1.11. 1 Ij-1.6 8 2.• 8 3 :?." 9 83.13 :).,7 A?ý63 4.8 ,0 $4.5 $4.7 84.$ 84.2 14+ &5 , .7 "A. V ,3 16.6 %8Z S-.1 al.-• $-.i V•6 |7 |.8 18..

81.3 3.+ E , $ . 0 ", 8 3,7 8 3 84.1 AS 11S-.0 :1. $ 1A -3 14.• 9 53 44t.7 14.3 A2. $ 8 5..• .a4 a J5. .7 $4.3 8. •,

0. S 79,14 840 A,• si. A ? $3 t, , 821.• 233 8.1 al.-+ A,4. a• ., 1 4. 8.5 b .O 8 ! 8, 63.9 #Ak, II. h : AWI.8 $5 a, as-• 44, S..o AS.t #l

;, 114 1 8? 7 l3 4, l 7 3 • M 8 + I • + • m • m + I •.4 67ý U. 964 W |• "|• • I l I 3 ". I11

"o4 i z 24 4 Atb3 6,t at ... .. 61"o "s+' 01,9 IS al#21 4.7 k

Nt n Ise 0 z -A An A .1.P B " 6



o A~ 162 168 17'. 14 26 192 196 M0 210 216 222 122 236 240 2"4 232 258 264 270 276 282 284 294 300 306 312 318
7 89 10 1.1 12 13

.4 83.7 73.2 03.2 96.0 83.4 73A1 86.4 96.2 84 41 N. 825.N 97.6 84. 1 73.1 83.3 97.3 54.4 72.3 90. 97.0 8L. 6 37.8 64.7 97.0 88.7
-.S 73.9 703.3 72.1 75.6 72.0 64.0 73.2 74.7 714 67* 74.3 76.4 72.3 06.4 74.0 76.0 72.1 68.4 74.2 76.1 71.0 08.6 73.2 74.2 70.1

.. 9 6.2 48 33 84 83 866 83 88 8683. 83.: 8. 8.1 8.7 86.3 Q63 8. 86.0 86.6 $8.1 87.99 86.3 8. 79 8.
..7 86.2 63.3 3.5. 84.6 83.1 83.4 64.3 03.9 ". 8. 83.95 3.9 83.2 83.0 8.4 63. 86.9 83.4 64. 88 I 1 86.9 5 6 .63 8 .8 7.9 85

.2 83.1 83.3 84.3 83.5 83.3 83.4 83.7 83.6 83.9 841 83.9 S6. 63.9 85.40 66.3 869 8. 31 8. 30 6. 64 8. 7.2 8.
2.2 43.. 82.3 63.3 81.9 83.2 82.6 85.7 62.2 8S.9 83.6 53.6 150, WA.1 84.8 85.3 S3.6 84.5 'A4.3 87.0, 66.4 84.8 8.4.4 84..856.5 86.3

63.1 83.6 &&.4- 86.2 86.9 63A 86.3 86.3 638 84.3 63. 8 7.2 86.1 B5.1 66.0 872.68 849 8. 7. 69 8.2 86.3 BI7.2 86$.6
-.3 66.2 83.3 83.6 86.9 83.9 63.4 83. 448.9 84.3 $.9 86.1 63.4 04.8 &L.7 84.6 63.3 83. 84.6 85. 83. 63.6 864.0 6.2 65.3 85.1

5.6 83.2 83.6 84.6 83.9 84.8 42.9 83.5 83.6 I3. 04.03 4. 866.9 84.1 85. 867 84.9 86 .716.6 86:.6 871:.0 86.6B 83.9 86.6 87.2 86.4
3.9 83.4 83.2 83.6 83.9 84.2 83.4 86.7 04.2 641 86.0 8.0 63.3 84.8 84.7, 83.9 63.3 80.5 84. 8. 6 63. 85 . 63. 1 83A.0 83.3 63.0

i. 83. 3 84.3 84.7 86.6 83.1 43.6 83.3 84.8 06.2 64. 86.) 87.3 86.1 83.6: 87.1 87.0I 9.01 86.0 817-0 87.8 814.9 86.3 96.9 87.9 67.2
&S2 83 183.6 86.6 84.3 84.9 43A4 04.1 16.4 83.9 6641 63.9 87.2 66.1 9 5.1 66.0 .87. 86.8 : 83.6 8 6. 8.3, 86.6 85.6 866 8 7.3 866.6

1 2 113 3 60.3 83.1 86.7 83.1 63.9 63.3 86.9 84.9 86 2 86.3 $6.4 B6.9 06.1 86.2 47.ý0 87.0 83.0 37.03 8'.1 87.2 86.4 84.4 87.7 87-3
4.1 83 3 74.3 86.7 86.6 83.1 43.9 83.3

1.7 83.7 83.3 83.4 8".t 86.0 63.4 83.1 84.3 " 4 6 84.0 9.4.6 85.2 .84. 84.7 63.0 83.80 65.6 8S.1 83.3 66.0 .6.0 83.4 43.6 660 66.0
3.0 83.3 82.9 83.8 63.6 83.8 83.0 83.2 038 643 83. 84.3 &4. 8. 84. 51. 5. 5. &4.8 83.1 63S.3 S32 64.9 83.1 93. 63.4
,S.5 $1.3 63.0 86.% 85.7 83.7 63.1 8.4 63... "43 83 OS a 86 8 86.4 96.4 86.3 67.3 6, 8 6.9 86.8 67.6 8 7. 4 86. 87. 8 7 4
,3.7 #3.4, $3.6 83.3 84.0 86.0 83.6 83.7 S3.9 8434 83.9 6O 5.0 8. 84-. 64.3 05.. A3.b 834 8. 53. 398.6 8 3.3 85.25 ~
31.4 86.1 83.9 63.-w 84.0 86.3 83,6 83.8 83.0 a: 66.3 94.t 63.2 64. 8l.4 63.0 837 5.6 63, 83.2 6.9 8.3 83.3 83.3 83. 6

14.S 44. 7 84.2 84. 5 8 4.3 8.0 $.,1 84.6 80. 6 96. 66.2 67 1 .1~ 87.2 87.-'. B67:4 6l 3-7.868. 67 8 A 8 .1 883 8.4 87.9 66.1 88.4 68
'3.1~~~~~~~~ S50 9 43 8. 33 867 83 8. 3 31 6. 93 8.17 8".7 86.3 6. 66. 66. 86. 669 86. 8b.2 8 6. 87.1 6b 5

%4.164.1 83.4 63,6 84.2 PA.. 608.8 8W. 84.3 94.3, 847 -43 8.0 831 849 30 839 .9 831 8.4 8.0 86.0 653. 83.. 86d .0 83.1'

,?2 8. 70 8. 73 878 8. 74 8. 8 41 8". 19-1 887 GO., 8t 81 . 89.3 69 .0 61 . 6W' 89.1 69.3 89 0 .9.b869.9 81.7
23. a?, 87. 18 1: 243 6. 66 8. 4' 8 93 6. 92 6. .1 90 906 00 9.3 90.8 90.0 '9.9 9Q3 90.4 W, 2

a. 48 8 4 6. . 63 4 94,7 .3 64.6 6:6so. 33 837 64 8. 90.1 860Z !.4 0-0 W.. 843 6. 6.3 W 376. 81 6.6.4 86.3

41. 631, 43.5 82.9 W3 6 02.1 62.7 6. 83.31 03.3 86.0 64.2 B3.1 M4.0 84.2 86.2
40. 26.0 81 '. %1.6 81 6 83.2 81.3 42.3 37.3 62.7 80. 81. 6.3 61.7 613 6Z.1 62. 3 81.6 82.3 63.3 63.46I 821 2.7~, 87 5

00 080.2 M.i. 74 9 80.8 to.4 80.0 81.0 80.6 "A I 8ý9 8Z1-9 92.6 62.2 8. 3 63.5 61 0.1 83.6 80.6 82.6 83.3 83.2 30 80 34 8.
104 1.3 91.0 80.91 81. 1.6 V1.2 81.1 82.61 62.2 819 6. 3. 2S8 0 6 3 9 6 83 0 836 64.0 83.3 82 28.3 4 8.

63.6 82. %0. 80. 81. 81. 60. 81.1 81.3 41G 8341.96 8-6 $ 11 0 1

it.2 1 91.1 W4. , 3t .. W6,. 9 1. IV.3 ) 8.7 61.3 9Q.4 01.6 %.,9 92.6 0 91 4 %Z..2 W1.4 -) 6 93. 92.3 93.9 92.6 93.3 WI. 93. 82. 3
'k. 83. 90. t-0$ 906 6. 0 1 %1 1 . 9.41. 9.9 '. 9.41 91 9 1 91. 4-42 91 41 92 1 9 2 q 9 91836 93.1 82.9 43.2 92.3

91.0 6.7 306 8.9 96.9 91.' 90 9. 9 1. 934 "1. 93 2, 9 9.2 91. 32 4" 4Z3 4 99.' 4t1 9. 39 28 9. 2. 3 9.

0.0 GO6 0 6 WF 4 900 4 .l GO 90 %3.% 91. 9ot.9 $ 1. 99 903 .4 911 9 42 2 4z ý vi V3.A 90.04 i 9 42.7 92.61 %2 8 6, S 1.0

I) O a7 84. as2 86 89 ? 8 4 893 * 8 9. 8. 680 1 9 WI 0 9 60 646t7 0 i1.3 66 90 it3 % 0 SO 11.4 90 W.3. 69.6

33.0 32 3 79.1 38 3~~42 4 14 0.' 07 3. 3g 393 4. ~9 3, 69 WS 3
338 30.36.00 483 S 8 w 602 409 1 8 M .7I'll 414 142. 366 368 33

ft 0 SO 1 38 1 .2 3 0 3 17 3 31.1 19 1 4A0. 6I . 33.l Z 366 4 2q
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Table X-A. VARIATION OF TEMPERATURES INSIDE SHELTER*

21 x 7 x 7 ft. shelter; 15 occupants; st
7 cfm/occupant A

Time From Start of Test. •_-

t.C. C 6 42 18 24 30 36 4  "4 8 5' 6(' 64 72 78 84 90 w 102 108 114 120 126 132 136 1 14
no. 0 1 2 3 6 60

All TgpmTiA~Ug ~ _________________________________________

SUPPLY IIIC2
Do 15-10 65.7 94.3 82.6 74.0 84.6 94.7 84.1 73.2 85.4 94.5 84.0 73.3 0,4 9.5 4.1 75.8 83.9 94.0 83.8 73.0 85.7 %.4 8f.2 74.5 84.6 7.
w 15-9 64.9 7645 73.3 70.7 73.4 74.7 72.3 70.5 72.2 75.9 72.) 69.3 72.9 75.8 72.2 71.1 73.1 74.0 72'2 71.9 72.2 75.0 72.6 710 73.7 0,72

RE2171 DUCT
Do 16.2 66.4 85.0 84.0 81.9 84.6 88.2 86.3 aJ.8 *7.1 48.9 87.0 85.2 87.4 89.0 87.7 83.7 86.4 88.9 87.4 8$6 48.0 90.4 88.0 85.5 87.2 7'
88 16-1 61.4 77.0 78.0 78.3 77.9 80.2 PC.' 79.0 79.5 80.1 19.7 78.4 78.5 8.4 79.6 19.8 79.8 80.8 81.8 8 1.2 83.5 82.0 82.3 82.5 8.

SHELM'l All

16 3.5-u 44.7 84.8 81.4 70.0 81.6 87.5 83.3 80.0 84.3 88.2 84.4 80.3 84.4 89.0 $5.0 81.7 94.6 88.2 85.0 82.0 84.6 49.1 85.0 82.4 "4.7 8'
3- 1-12 63.1 74.9 75.9 74.0 75.8 76.0 76.2 74.5 75.5 76.7 73.7 74.5 76.3 77.6 77.4 75.8 76.3 77.7 78.5 77.2 77.8 78.5 79.0 77.9 78.9 7• If

3-1/2 ft; .1ev I1., 8 8,
D8 15-4 4.1 81.6 81.9 79.0 82.5 85,0 83.8 80.0 85.0 86.8 84.4 80.6 85.0 87.2 85.4 81.8 W4.7 87.5 85.0 82.0 85.6 88.4 8".0 81.8 85.0
A 15-3 163.0 76.4 78.C 77.0 78.2 79.3 77.7 76.8 76.9 79.4 78.0 76.4 77.2 80.0 78.6 77.2 77.0 80.8 80.0 79.3 79.0 82.1 80.4 78.7 81.6 7

I ft tiev
Do 15-2 65.7 79.5 80 1 79.0 40.8 43.2 63.3 80.8 04.5 85.2 84.0 80.. 84.4 8".2 85.0 81.7 85.0 86.3 85.0 82.0 84.7 86.7 85.5 82.1 84.0
98 15-1 63.7 74.5 77.2 75.0 78 2 79.5 76.4 74.9 75 6 77.5 78.0 74.5 78.0 79.4 78.6 76.4 76,5 79.0 78.5 78.4 77.0 80.0 79.0 79.0 80.4

1-r v-11
3-1/2 ft #le-

ow 15-6 65.2 80.8 80.3 79.0 81.2 84.4 83.2 81.7 83.8 85.3 84.0 82.5 84.3 87.0 8.6 83.2 8.2 I6.2 04.6 63.5 86.7 87.0 85.0 83.3 83.9 f'
WN 15-5 63.2 76.2 77/. 7.5,, 78.2 79.0 79 0 78.5 78.4 79.3 78.0 79.2 78.8 79.4 79.4 79.6 78.7 80.4 80.3 61.0 80.. 81.8 81.1 81.1 08.5 f

In corner
3-1/2 ft &eIv

r 15-8 65.7 80.8 80.2 79.2 81.2 84 4 83.3 81,o 84 1 9' 7 84.0 82.6 84.2 86.2 84.1 83.2 84.2 8".0 84.5 83.5 04.7 87.5 85.0 83.4 804.6
98 15-7 63.5 76.5 77.6 78.4 78.1 79.0 79.0 79.0 78.5 79.3 80,0 ,v,2 79.1 79.1 80.4, 79.6 80.0 80.7 62.4 61.1 81.0 81.8 83.3 81.2 82.8 I.

INSID' SULUAC2 TOWS5

1:01108 C-C

Well 6-10 66.4 73.8 75.4 75.8 76.5 78.4 78.3 78.2 79.2 00.1 00.0 79.5 80.5 61.5 61.0 80.4 61.2 62.0 61.S 01.0 81.3 82.3 92.$ 61.5 81.3 ..
7.4 47.5 73.4 75.1 7513 76.6 77.6 71.4 78.2 79.1 79.6 7.9 79.5 b0.4 80.3 0.7 80.0 8.8 68, 61.0 81.0 61.0 81.5 62.0 1.,5 61.3 8
7.14 45.2 73.8 74.7 76.4 76.0 79.4 1 9.8 79.5 81.0 0U. 81.5 81.2 82.2 82.9 62.9 81.7 61.2 "21. 82,8 '1.5 63.0 63.3 63.1 82.8 63.2 8
8.4 67.3 73.4 73. 75,' 74.0 78. 4 78.: 7.3 80.2 00.2 80.8 79.6 80.5 82.1 81.1 81.0 6.0 62.0 61.1 81.0 82.0 63.3 83.0 61.9 8 1.6 a
8.10 65.8 72.7 74.2 75.0 7 8 7.4 78.5 80.0 80.0 80. 80.0 81.0 82.0 81.5 81.0 8.0 82.0 62.0 81.5 83.0 83.5 63.0 62.0 82.0 8

Celili. 9-4 64.4 78.0 79.4 78.2 79.0 83.0 83.0 81.5 83.2 85 0 44.1 82.5 83.3 "8.1 85.0 83.0 04.4 8W.2 85.2 "4.0 8.4 44.4 85.9 84.2 04.4 79-10 65-.9 74.6 ?7.0 74. 74.2 80.2 79.5 79.5 81.5 81.2 80.9 80.8 81.8 82.0 81.4 80.5 1.8 82.0 6:.3 82.0 63.0 I3.2 83.3 82.3 82.5
10-4 45.5 74.6 75.6 77.0 77.6 77.5 79.4 79.0 80.5 $0.5 W0. 80.0 81.0 81.2 81.3 $0.4 01.2 81. 82.0 81.4 83.5 62.7 62.4 82.0 83.5

floor 10-10 66.6 77.3 79.9 80.0 82.0 83.4 84.1 82.9 85.2 85. 13.5 8" 0 85.6 87.2 84.6 85.1 84.0 87.5 87.0 85.7 84.0 84.6 87.0 85.5 04.0 -11-7 4S.4 80.0 81.3 81.8 83.4 85., 85.4 84.9 86.4 842, 84.. .4 U4 877. 6 '3.0 ,. 87.3 3..0 87.5 . 0 67.4 ".1 89.1 6 .0 88.0 ": .1 442-4 43.9 74.0 76,0 78.2 80.0 81.8 81.7 81.5 83.2 83.2 83.1 83.0 83.4 84.3 84.2 83.3 84.2 84.7 84.5 84.0 84.7 81.3 85.5 84.4 84.4

17.10 64.8 72.4 7J 5 7 .0 71 2 74.0 76.5 75.5 76.7 76.6 77.0 76.7 77.5 78.2 78.5 76.0 it.3 78.3 79.3 78.8 78.5 79.2 86.0 79.7 80.0 -
13-0 47. 71.8 737 78 7 70.4 74.0 74 7'.0 771 77.9 77.0 77.0 78.0 78.2 78.4 78.0 78.3 76.6 76.7 9.0 1 71.7 79.3 79.4 76.5 78.6 W13-8 45.9 73.0 7)4 73.,. 79.3 77.3 78.0 78.0 78.9 79.0 79.1 78.2 7..7 ?".1 80.5 10.0

4- 4.4 7.2 73. 73. 748 40 7557. 7 1 7. 1 77. 7. 781 7. 07.07. 0.1 - 79. is. W170. 79. 9.14.4 5. .2 7 3. O 75.? 74.0 70.4 74.4 75,2 76 1 76.6 77.0 74 5 77.5 7 18.3 78. .53 7b, 706.5 79.9 34: t8." 79.0 S0X 79.0 '9.2

SImU SKIN V1UON

Cet.*' - tp 16-47 W01. 84.0 Is 6 $,1 80 . 87.8 s 70 4 I 87.. . 5 87.8 86.0 87,9 I i 84 68.6 87.8 890 "8.0 67 V 898 8.0 690 67 0 80.0midde 16-8 "4 3 90 87.2 88 0 6#.5 W1,0 8s46 9.0 92.3 0.9 90 ' 6.0 9) 9 . 90 0 81.8 0.2 8.9 81 9 38 9. .2 8I "-I St.,
L4cc. 18-9 644 1 8.8 894 88 2 900 420 ' 77 90. 90 2 93 1 2 91 4 10 W " 6 ft 4 93 5 91 0 95.63 14.4 9I5 91,0 168 95 92 8 67. 08.5 b 4

dea9 e .It Wiase ll-18 .4 " IV •8o9 I 882 89.5 94 92.9 4. % 0-.9 4%0 910 92 5 92.W 9.0 s 0 95.0 02.1 164.4A ".0 5.0 95.0 S1I "8. a 82 80.7 o p.

In Coer- R Middle Wit 4 5 017 6 64 a) I a 8-.2 86.0 8 3 84 0 S 3 04 66 4.0 8 .7 86 4 87.6 8,q 85 1 84.9 87.4 6782 84.0 84.0 87.0 87y 4 PO. 87.I 6

19. 10 6 $6 .I .8 1 0 90 I 01 0 ý4 3 %8 0 47 1 04 9 3 50 1S9 71. 430 87.0 4.9 1 0A 91.0 9. 9 .1 t"3.7 99.8 w .819-. 04I 540 to .800,04075 o0491 il4 3 41 8. 78 4I0.0 44 9 145.9 49. 091 12.8 54 73. ., 59. 0.
It91.7 14 I40 0. .60 00407 $49704p5 2 106.0 730 18. 74 631 41.9 We. U-.4 So99 54.6 16's M5. 45.0 WS. 57)

A
For detailed description of thermocouple locations see Sec. IV-A and B.

-, -- I Im W W I "es



ERATURES INSIDE SHELTER*

shelter; 15 occupants;
/occupant

60 06 72 78 84 90 102 108 114 1 126 133 138 144 150 136 162 168 174 180 186 142 198 208 210 216 222 228

3 S 6 7 89

86.0 73.3 8.4 94.5 I.1 75.8 83.9 94.0 83.8 75.0 83.7 94.4 84.2 76.5 86.6 64.5 4. 7A.6 84.7 95.0 85.0 7b.0 83.9 99. 86.7 75.4 83.5 94.3 86.4 44
72.3 89.3 72.9 75.8 72. ' 71.1 73.1 74.0 72.2 71.5 72.2 75.0 72.6 71.0 73.7 75.3 74.3 69.5 72.3 74.5 72 6 t79 70.5 7 7 3 71.3 71.5 73.9 '7.1 6

87.0 85.2 87.4 89.0 87.7 85.' 86.8 88.9 87.4, 86.1 88.0 90.4 8.0 8:.5 87.2 88:.5 88.0 86.3 871 3 91.0 89.. .3 87.2 903 890 8.0 88.3 92,4 88.4 6.3
79.0 78.6 78.5 o0.6 79.6 78.6 79.8 80.8 81.8 80.1 81.2 8..5 82.0 82.3 97.3 82.3 81.5 81.2 79.5 82.3 81.2 S0.4 80.0 82.0 82.2 80.0 79.4 81.6 81.312

86.6 8.5 84.. 8.0 85.0 81.7 4:.6 8".3 852 0 82.0 84.6 89.1 85.0 82.4 M.7 88.9 85.0 82.4 84. 4 0.0 86.3 0,3 8 7 8 1 86.4 82.2 $4.9 89.5 86.2 82
16.7 74.5 76.3 77.8 77.4 75.8 76.5 77.7 78.5 77.2 77.8 78.3 79.0 77.9 78.9 79.5 80.0 79.2 77.6 79.0 79.0 77,5 3 b 5 78.2 79.7 77.1 t7.9 78.5 78.3 792

86.6 80.6 85.1 67.2 85.6 81.8 16.7 87.5 85.0 82.0 8:.6 88.4 86.0 81.-8 85.0 87.7 8'.I 81. 5.7 69.1 86.3 :2.4 85.0 88 7 84.5 8I.3 8b!.1 88.6. 86.8 8178.0 76.4 77. s 80.0 78.6 77.2 77.0 80.8 80.0 79.3 79.0 82.1 80.4. 78.7 8a.6 83.3 80.2 79.2 78. 82 7•3 0 88 . 78.3 19.3 84 80.0792

86.0 3.64 8.4 84.285.0 81.7 85.0 86.3 85.0 82.0 84.7 86.7 85.5 82.1 84.0 86.8 85.0 82.2 85.2 87.9 86.6 1 "3 85.0 87.1 87.5 82. 85.3 87.5 6.0 2.278.0 74.5 78.0 79.6 38.6 76.6 74.3 78.0 78.3 78.4 77.0 80.0 .0 79.0 80,4 82.3 81.1 79.7 79.1 02.0 80,7 79.0 77.30 •99 79.5 76.0 79.3 81.3 80.2

16.0 42.5 84.3 87.0 66.6 83.2 84.2 86.2 84.6 83.5 8-..7 67.0 85.0 83.3 83.9 86.8 85.4 03.5 84.8 83.0 8.3 P4. 7 84.2 87.3 85.5 83.9 83.2 87.5 85.878.0 79.2 78.8 79.9 79.4 79.6 78.7 80.4 80.3 81.0 86.8 81.8 81.1 81.6 88.5 02.5 82.4 81.3 79.7 82.3 82.0 81.0 79.5 81.2 81.3 87 80.0 81.9 81.1.3

6.0 80.6 . .2 8$6.2 08.1 63.2 86.2 86.0 $.5 3.5 84.7 87.3 85.0 8: $1 84.6 87.3 85.0 93.5 43. 88.3 96.1 0.. 05 5 8..9 85.5 83.9 85.3 98.0 85.3
80.0 .8.2 7-.1 79.1 S10.4 7 1.6 0.8 80.7 82.6 8 5.8 81.0 81.8 83 .3 81.2 82.8 8 27 83.2 82.3 81.8 81 .9 8 4.. 01.9 50.8 80.' 83.0 81.0 62 .j1.3 8 2.0

0.0 78.3 80.3 81.5 81.0 80.4 8. 82.0 8..1.3 8.1.0 :1.3 82.3 2.3.0 82.6 81.7 81.7 82.5 82,3 81. 1 81..8 82.5 82.0 8.1. 81.2 82.7 82.3 WA 81.;78.8 79.5 40. I03 80.7 80.0 80.8 0.6 81. 61 0 8 81.5 81.3 52.0 82.3 81.3 81.8 82.1 82,2 813 81 6 82.3 62.1 81.1 61.9 82.9 82.3) 61J88.3} 81.2 62.2 8.9 62.8 81.7 68.6 82. 82.8 83.5 83.8 83.5 83.1 82.6 83.2 83.8 83.8 83.0 83.2 8.0 64.0 83.2 83.4 84 1 83 8 83.2 85.5 83.7 84.5 81.f80.8 79.6 80.3 82.1 81.6 81.0 82.0 82.0 81. 81.0 82.0 S2 .3 53•.. 30 33 82.2 6 2 0.6 8.0 82.1 83.2 84.5 83.3 382.
80.0 80.0 81.0 62.0 88.3 81.0 82.0 82.0 82 0 8&.3 82.0 83.5 83.0 82.5 82.7 83.. 61. 62.0 8.'.. 8...7 89.6 82.3 67.,. 93.8 03 ' 82.3 85 85.0 83 6 82.3

8 6. 1 8 2 . 5 8 3 . 3 8 6. 1 8 5 .0 3 .0 8 6.4 8 6.2 8 5 . 2 8 4. 0 8 4. 4 8 6. 4 83 . 9 8 6. 2 54 . 8 6.3 8 5. 7 64 0 8 4 . 3 8 6 .6 65 .5 6 4. . . . 7 6. 2 8 5 .4 8 3 . 7 83.0 8 6.1 8 3 1 : 17 8 443
80.9 80.8 81.8 82.0 81.6 80.3 81.8 82.8 82.3 8 2.0 8 3.0 830 83 2 8' S.3 .93 822 836 6S3 0 8- f 8
8 0 . 3 8 0 . 0 8 1 .0 8 1.2 9 1. 3 8 0 . 4 86 . 2 8 1 2 8 2 . 0 8 1. 4 8 7. . 8 2 7 8 2 . 8 2 . 0 8 3. 3 8 3. 6 8 7 2 8 2 2 9 2 .0 a2 1 .3.3 8 .0 8 1 .6 8 2 , 3 8 3 , 4 8".

"85.5 8:.0 80.6 87.2 86.6 85.1 860 81.5 87.0 53.7 86.9 86.6 87.0 884 860 874 87.4 836 8,.8 38.0 0 85 8 87 . 8 87.6 85.5 87.1 89.2 80 84 85.783.1 3.0 0.6 8.3 8~ 3 833 86 2 : 1. 2 "6 : 40 ":84.7 8. 83. .4 844 11.5 8 49 8. . 57 8 '. 99 8. 43 8 65 ~ ~ 4

" 77.077 76.•''7 780'7 9 78.278) 78.785 78.0 7S 3 78 3 79 .3 78.9 '6 5 792 80,0 71,7 30 0 81.0 90 4. 79.9 89.. 88.0 60.0 80 0 77, 6• -,7 " 8 79.979 3 9U..7. ',I . 7.*

730 7 7. 7.2786752 8. 7. 7.7 790 78 733:84 :5 .8. 78 5 00 8 96 7 8. 0' 1 ý.2 900800 7 :6t 01 a . 6 "I

.1 0. 7.3 80.0

807, 77. 7.0 .0 790 78.0 78.3 7.0 79 .. 0 795 79.7 V1 .2 1 8 9 78 ' 50.4 80.' 81 5 2 0. 5 t, 6 ,5 87 .',1 61 ,08 1 0 .3 88 4. L . 82
S770 71. 773 '9 78} 8.6 783 76.0 755• 788 78.8 7 86 79.0 80.0 790 79 2 78.3 778 79 7 79 80.5 600 80 ` 2 8O 0 I.7 800¢ 79. 78 50.7 tOyt, . 9

57 8 8.0 68 8 8 6 8 6 84 0 87 8 88 0 89 872 6I 1. 69 0 9.2 870 88 0 I• , 88 8 87 05 88 0 9. 8" 0 28 88 6 55 86 89

8 926 91" 76 :- 03 6:, 834 ' V 13 0a $3 3 86 92' , 91j V, '4 8 `.12 8 7 8 88 8. L .9 W O 88 4 al 3.9 ' Q 7 , 9 .0 8 4 . 9 8 7 :1 88 1. 2 88 8 8. 8
82 3 30 0.62 9 83. 842k 0. 44 9 93.0 . 0 17 611 81 88 2 87O ' 18 58 1' 4 8 8K4 97 85 1 85 0 7 84 94 .17 8. 292 96 8 6 2 924 1 8 4.9 6

96088 7,. 44 0" 7t) 1 395 6 6' 17 4 ' 8 -# 840 .0 8' 0 3 870' 0 378'0 &60 80 2 00 06 5 ;9 89 87 88 2 7' 6 8 1876'4 89 85 8

*
I.1 11 486,01 so 3 619 so:. 8 so 98 6

77A.~~~8 M$ 76. 11. 79. 74. 74A 79. ". artSw oi s"1" .0 - 01 So*.01 ti SO

?469 5 1? 68 8 .~786 713 2 2?63.8 69 7 8 32A 20. 57 8 8 60 793 0 78 2 99 1 m9 7$1 so 32 2 1 1 80 08 SO f 60 99o6 of.
647 85 . 0 as 0 99 52 '8 0 &1 2 4 7 58 7 0 L 1 9 0 so a.1 ! 5 1' 5 0 0 522 .9 .8 44 85 6 6 ~6 . (

8I8

$0~ 8 0,I 8 , % 2 4 t10 4%

thermoco2t iu i ,c ti .ns see Sec. IV-A and B.
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162 18 174 180 188 192 198 204 210 216 222 228 234 240 246 232 258 264 276 278 282 788 ,.7, 30' 306. 312 310
7 8 9 10 11 12 13

74.6 84.7 93.0 83.0 7.-0 83.9 93.8 81.7 75. 83.5 9. 86.6 7',.2 64,3 93.6 83.8 73.2 83.8 94.0 83.5 73.7 81.l 93.• 83.2 73.0 83.4 9 .154. ý 72.3 74.5 72.6 b9.7 70.5 74.3 ;'.5 71.3 71.5 73.9 72.1 69.3 70.7 74.0 73.4 68.4 73.8 73.3 71.2 69.4 72.4 74•,0 71.0 8.9.7 72.3 746.1

86.3 87,3 91.0 89.4 87.3 87.2 90.3 89.0 8.0 88.3 90.4 88.4 85.9 88.0 '0.2 86.0 65.4 88.0 89.2 87.3 83.4 87.3 89.3 87.3 84.9 87.3 89-.81.2 79.5 82.3 81.2 80.4 80.0 82.0 82.2 80.0 79.4 81.6 81.3 80.6 79.6 61.8 80.3 81.0 80.3 81.8 82.0 81.4 79.2 87,0 80.0 74 0 79.' 8e,9

82.4 b4..7 90.0 86,3 03.3 84.7 89.1 86.4 8.2 "49 89.5 6.2 82.7 85 5 89.4 85.4 63.4 86.1 88.6 83.0 82.8 84.5 68, 8. ,6 81.8 84.4, '•8.
79.2 77.6 79.0 79.0 77.3 76.3 78,2 78.7 7a.1 77.9 78.3 78.3 26.8 76.3 78.0 79.0 77.5 77.4 78 78. 77.2 77.6 77.8 78.6 71 5 77.5 18.2

81.4 83.7 89.1 86 3 82.4 83.0 88.7 86.5 82.3 85.2 8.68 8b . 82,0 85.5 86.6 85.9 81.9 85.3 88.1 85.6 81.9 8.8A 88.0 83.0 81.2 8.3 88.079.2 78.8 82.3 80.3 79.0 79.1 81.5 79.8 78.3 79.3 81.' 80.0 78.0 78.0 81.. 79.6 79.3 78.7 80.5 79.1 78.6 78.9 80.4' 80.0 78.9 78.9 81,2

82.2 83.2 87.9 86.6 63.3 86.0 67.1 07.5 82.2 8$.3 87.5 896.0 82.0 8655 87.3 M3.4 81.8 85.4 87,0 83.3 81.6 84.7 86.8 83.0 810 84.8 86.6
79.7 79.1 82.2 80.7 79.0 77.0 79.9 79 7.0 79.3 81.3 80.2 73.3 76.1 81.0 7S.7 75.3 77.0 79.2 78.'. 7t,3 78.8 79.4 79.5 78.0 78.4 80.8

63.5 84.0 88.0 86.2 84.7 84.2 873 8:5.3 83.9 15.2 87.5 83.9 83.6 84.7 87.4 83.4 ••.3 83.0 86.6 84.6 83.1 B4.7 06.8 85.0 82.6 84.3 84.4
81.3 79.7 82.3 82 9 81.0 79,. 81.2 81.3 80.7 80.0 81.9 81.1 81.0 7.8 8.0 80.7 80.8 79.8 80.3 81.1 80.8 79.7 80.8 81.2 80.1 80.3 81.2

'3.5 63,. 88.3 8660 84.6 85.1 86.9 85.1 8' 865.3 88.0 85.0 83.5 84.7 87.3 8. 0 83.3 84.? 86.7 84.6 83,1 86.7 86.3 84.5 82.6 84.4 66,082.3 81,8 81.9 84.0 81.9 80.6 80.7 83.0 81.0 80.3 81.3 62.0 80.5 80.3 61.1 82.9 80.8 80.1 80.3 83.2 80.0 81.3 81.2 82.3 79.8 81.1 81.2

81.7 8..7 82,5 82.3 81.2 81.8 82.5 82.0
61.5 81.9 82.1 82.2 81,5 01 6 82.3 831 81.1 81.2 82.7 82.3 81.0 81.5 S2 8 82.2 81.0 81.3 6.-3 82.3 80.8 8P.3 81.9 81. 80.35 81.5 81.5
83.0 8.72 2 4.0 84.0 83.2 83.6 84.1 83 8 81. 81.9 82.8 82.3 81.4 81.9 85.0 82.2 81.1 81.4 82.8 82.0 $1.0 81.3 82.1 81.3 80.6 81.3 82.5
82.2 62.3 8 0 83.2.2 2 832 83.8 83,0 83.2 83.5 80.o 8 4 83.1 83.4 8948 84.4 83.4 83.3 84.2 34.3 83.2 834 64.5 84.0 83.0 83.8 84.482.2 82.b 84.0 83.2 82.983. 83.8 83,' 82.1 83.2 84.5 83.3 82.8 03.3 84.2 83. 83.0 83.2 84.0 85.3 82.4 83 1 83.6 83.1 82.2 83.1 83.3827.5 83.3 85 0 83.6 82.8 83.4 84.7 83.6 92.3 63.5 94.0 83.3 82.6 83 . 84.2 83.2 82.5 83.5 83.8
84.0 8.3 866 83.5 84.1 8".4 86.2 63. 83,1 84.6 66.3 853 83.5 84,3 88.5 83,6 84.2 84.1 89. 5.Z 62 .0 P-4.1 85.9 8A,3 84.6 84.7 85
82.2 83.9 84.3 84 0 83. 2 8 3.6 84 63. 82 s 63.6 85,0 84.0 82.' 83.. 84., 84.0 83.0 83.5 6:4.0 83.6 82.7 63.0 84.2 82.9 82.2 83 6
87.2 82.b 83. 83.7 82.0 62 83. a 83.0 61.6 82.3 83.4 82.8 61.7 S2.1 8., 82,.6 82.0 ' 3 63.7 82.8 81.7 82.2 83.3 62,3 81.0 8'

836$ 8 6 88.0 88 0 83 8 87 P 88.. 87.9
88.2 $6.6 40 7 84.0 88.0 59 7 63 S g9C 81.5 87.01 89.2 89.0 65.7 86 9 Wol 93.2 85. 67.0' 88.2 87.8 83.3 88.9 8f.70 875 Ml. '-. .8.084.9 85.1 86,0 95.7 4.' 85.. 83.9 %5 87.7 89.0 90.0 89 2 U8.2 SO , 90 0 99 0 * 0 . 89.1 69 3 89.2 87,6 6.0 89.0 8.7 87.8 89.2 89.4,

84.3 85.6 66.3 63.4 86.8 33.. 881.. 8 0 b%.8 63.9 W37 85.0 65.2 83.9 85.3 84.3 63.3 60.0

799 0 . 3 .. I 60.0 79 so.7911 M.3 & I , N $ 1. 74.0 79.C' 7.8 79,9 78.8 •s. 79.t 79t . 781 3 7. 9 79.0
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Table XI-A. VARIATION OF TEMPERATURES INSIDE SHELTER*$

21 x 7 x 7 ft. shelter; 15 occupants; 10e
15 cfm/occupant

1Tim From Start of Test, Hrs. -

S0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 i0j 66N 0 1 2 4

kZ TDI?~kARAI ME

SMwn wCT
DI 15-10 63.9 89.3 77.9 91.2 82.5 92.3 81.8 72.7 80.9 93.5 81.8 72.7 82.0 934 72
"wa 15-9 61.3 76.1 89.7 78.4 76.2 77.8 75.9 72.6 74.7 77.9 75.6 72.8 75.1 80A' 72

arm D13 CT
D0 16-2 63.9 80.2 82.4 82.9 82.0 84.4 42.7 80.2 82.0 86.3 84.2 81.3 83.0 874, 80
WS 16-1 62.7 74A8 78.3 78.9 78.3 78.9 ,8.3 75.3 77.0 78.5 79.1 74.9 77.0 81t 75

MSInAIRCent-.r
6 ft ejev849 

7;- 5
N 15-12 61.8 8C.3 84.4 83.3 84.2 85.6 84.2 75.3 84.3 85.3 84.6 75.8 84.9 87., 7
VB 15-11 63.1 75.0 77.9 78.9 77.6 79.3 77.7 73.1 76.0 78.1 78.0 72.7 76.8 814'- 73

3-1/2 ft olew
as 15-4 63.9 81.1 84.0 84.2 83.9 85.8 83.6 78.5 84.4 87.3 84.9 78.9 84.4 88`. 78
va 15-3 61.3 74.1 78.0 78.5 77.6 78.8 78.2 75.2 77.3 77.9 78.0 75.3 77.4 80:S 75

1 ft *Iv8
DO 15-2 66.8 72.2 82.0 82.2 81.9 84.7 82.? 78.3 82.0 86.4 84.2 78.9 83.1 86,. 78
vI 15-1 63.6 68.9 75.0 75.2 75.1 75.9 75.2 72.9 74.5 76.1 76.3 72.8 . 78.. 72V Near wall

3-1/2 ft elev
O* 15-6 65.2 80.0 82.9 83.5 82.9 85.3 83.8 79.6 82.9 86.6 85.4 80.3 83.4 87., 72
Ws 15-5 64.7 79.8 82.8 83.3 82.8 84.9 83.6 78.8 82.3 86.4 84.9 79.6 83.2 87-t 78

IncorrerJ 3-1/2 ft elev
DB 15-8 64.7 7r.2 82.8 82.1 62.8 84.0 81.4 78.8 81.6 85.9 83.1 79.5 82.2 86.• 78
4 15-7 62.6 7,.7 77.1 75..0 78.1 78.8 78.9 76.9 76.9 78.7 78.6 76.8 77.4 890k 76

luIK SWA Tuws

S6-10 63.b 67,2 73.6 74.0 75.0 76.8 76.4 74.6 75.3 78.5 77.6 75.4 76.0 8O.t 74
wall 7-4 63 3 68.4 73.1 73.3 75.2 76.3 76.8 75.0 75.3 78.2 77.3 76.0 76.0 7.; 75

7-10 •3.3 71.6 75.0 75.5 76.1 78.0 78.8 75.7 76.4 79.8 79.3 77.0 77.6 81-. 75
8-4 64.9 68.4 75.0 75.7 76.9 78.6 78.3 76.4 77.4 80.7 79.6 77.9 78.2 81,t 76
8-10 63.3 69.1 74.1 73.6 75.7 76.7 77.2 75.6 7:.9 78.9 78.5 76.9 77.5 "8,, 75

Ceilng 9-4 63.8 71.2 78.3 79.4 78.5 81.6 80.3 76.5 79.3 83.2 81.4 77.3 79.7 84. .6

9-10 63.4 68.8 75.7 76.0 76.7 78.6 78.C 75.7 76.9 80.3 79.3 76.9 77.8 881,: 5
10-4 63.4 70.3 75.8 76.2 76.9 78.8 78.2 76.5 76.9 79.9 79.3 76.9 77.8 8JL, .6

floor 10-10 64.6 68.4 79.6 78.7 80.3 82.3 81.9 80.0 81.4 84.6 84.0 81.0 82.0 86., 0Q
'1-7 65.2 70.0 81.1 A1.9 829 84.7 84.2 83.1 83.2 86.7 85.9 84.0 84.8 80.: :3
12•4 65.2 68.6 78.1 78.5 79.8 81.3 80.9 79.8 79.9 83.1 E2.2 80.8 81.1 84.i -.

BcIMN 12-10 62.5 65.8 71.1 71.7 72.4 73.6 73.6 72.4 72.6 75.0 74.8 7'..4 74.4 76.i 72

13-4 64.0 61.0 71.2 71.0 72.6 73.9 73.8 72.8 72.7 75.3 74.8 734 7W.1 74-4 72
13.8 62.7 71.2 72.8 73.4 71.9 72.0 74.8 75.3 73.2 7M,3 71.. 71
14-2 65.5 63.7 03.0 73.0 74.1 75.8 75.2 73.8 74.3 77.q 76.5 74.9 75. M ' 3
14-6 64.8 68.3 72.9 72.7 74.0 74.9 75.1 73 8 74.4 76.9 76.4 76.9 73.6 7M.

Saw 5113 TKINI

Center - top 18-7 65.1 85.3 85.4 86.2 85.0 85.4 85.0 82.8 83.9 89.0 85.4 83.9 *3,3 .5 1 *
"Nlidle 14- 65.1 89.7 90.2 89.9 89.1 90.3 88.6 87.0 88.8 92.9 91.3 SO.4 W& 9% 87
Botteo 18.9 65.1 89,b 90.3 WI.1 89.5 90.o ) 8 8 V7.3 89.1 93. 3 91.5 98.5 91.0 1K I?

uer Well Rtiddle 18-10 66.6 90.0 91,6 9186 92.2 89.1 90. 9 87.4 89.1 93.% 91,5 90.0 91.0 It., 87
In Cornver - tddl* t8-11 65.9 6 7.9 86.6 47.) tS.8 $3.9 86.1 W 3 85.0 92.7 87.1 O.3 WI8 9Q k

19-4 61'? 700o $1. o •. 51,1 $6,4 0,4 51,1 51•.) 37 2 s3.3 '6q 7 is$-2 6 K 3
111-1 0.0 70.0 55.4.• S.1 wt,.( $$.1 49,6 $0.6 32ý2 57.2 SS $5, .6 S4.4. 6L,U

3A For detailed description of thermocouple locations see Sec. IV-A aelc
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*
EDE SHELTER

:cupants:

16 72 78 84 9t 96 M02 108 114 120 126 132 138 144 150 156 162 148 174 180 186 192

3 4 5 6 7 8

Q2.7 80.9 93.5 81.8 72.7 82.0 93.6 83.2 75.3 86.0 95.4 84.9 74.9 85.9 94.5 96.6 85.9 74.9 85.4
P2.6 74.7 77.9 75.6 72.8 75.1 80.0 77.7 75.2 78.2 81.3 77.4 73.? 78.6 81.0 77.8 74.3 72.9 75.3

10.2 82.0 86.3 84.2 81.3 83.0 87.1 85.3 82.9 86.8 89.1 86.1 84.0 87.1 88.5 88.4 86.3 83.3 86.4
F5.3 77.0 78.5 79.1 74.9 77.0 81.6 81.6 79.4 80.9 83.0 81.9 78.2 81.0 82.8 79.8 81.4 79.4 78.9

r5.3 OA4.3 85.3 84.6 75.8 84.9 87.9 84.8 77.8 84.8 0.0 84.9 78.9 85.0 90.7 90.5 85.0 79.4 85.2
F3.1 76.0 78.1 78.0 72.7 76.8 81.3 80.2 75.5 80.2 b2.9 80.9 75.6 80.8 82.5 79.1 80.9 75.2 77.9

8.3 84.4 87.3 84.9 78.9 8k.4 88.2 86.0 81.2 87.4 90.3 86.9 82.1 87.7 89.4 90.1 87.2 82.7 87.8
F3.2 77.3 77.9 78.0 75.3 77.4 80.9 80.6 78.2 80.1 82.4 81.2 78.7 80.1 82.1 82.3 81.4 79.0 80.0

F8.3 82.0 86.4 14.2 78.9 83.1 86.9 85.1 80.8 86.8 87.8 86.2 82.7 87 6 88.7 88.W, 86.3 81.5 87.8
F2.9 74.5 76.1 76.3 72.8 74.6 78.2 77.9 75.3 78.1 79.9 /8.1 76.0 78.6 79.7 &e. 1 80.3 76.7 79.2

F9.6 82.9 86.6 85.4 80.3 83.4 87.7 86.8 82.4 87.1 90.0 87.1 83.1 87.5 88.8 87.9 86.3 82.4. 86.2
F8.8 82.3 86.4 864.9 79.6 83.2 87.6 86.2 81.5 87.0 89.4 86.9 82.7 87.4 88.7 87,5 86.3 82.0 85.8

F8.8 81.0 85.9 83.1 79.5 82.2 86.6 84.0 81.4 86.1 88.7 84.9 81.8 86.5 88.9 88.4 85.4 81.6 85.8
!6.9 76.9 78.7 78.6 76.8 77.4 80.8 80.6 79.3 80.9 82.6 81.3 80.2 81.1 82.6 80.4 80.1 78.8 78.4

F4.6 75.3 78.5 77.6 75A 76.0 80.6 79.3 77.8 79.0 81.2 81.5 79.6 80.5 81.9 83.6 83.8 81.8 82.8
F5.0 75.3 78.2 77.3 76.0 76.0 79.3 79.8 78.0 79.0 81.0 80.7 79.4 80.4 81.1 82.4 82.8 80.9 81.7
F5.07 56. 79,8 79.3 77.0 77.6 81.4 81.2 79.7 80.6 83.0 82.3 80.4 81.8 83.2 85.0 85.7 83.0 84.1
P6.4 77.4 80.7 79.8 77.9 78,2 31.8 81.7 80.3 80.2 84.0 83.1 81.5 81.7 864.0 84.9 84.9 83.0 83.9
P5.6 75.9 78.9 78.5 76.9 77.5 80.2 80.6 79.7 80.3 82.2 81.5 80.0 81.A 83.0 84.9 85,0 83.1 84.2

r6.5 79.3 83.2 81.4 77.3 79.7 84.7 83.3 79.8 80.7 86.i 85.2 81.6 82.2 85.8 86.8 86.0 82.5 84.1
F5.7 76.9 80.3 79.3 76.9 77.8 81.5 80.6 78.9 80.2 83.0 81.8 79.4 81.8 83.3 85,2 84.9 81.4 83.9
P6.5 76.9 79.9 79.3 76.9 77.8 81.5 81.2 79.8 8C.6 $3.1 81.9 79.5 8L.9 82.5 864.0 84.0 81.2 82.9

10.0 81.4 84.6 84.0 81.0 82.0 85.7 85.4 83.4 84.2 87.5 86.9 84.5 86.6 87.9 90.0 89.6 87.2 88.6
13.1 83.2 86.7 85.9 84.0 84.8 88.4 88.1 86.7 86.4 90.3 88.4 87.8 89.3 89.9 91.1 90.6 88.9 90.3
F9.8 79.9 83.1 82.S5 0.8 81.1 84.6 84.5 83.1 87.8 66.4 86.7 84.1 85.6 86.0 87.4 1, .1 85.3 86.5

2.4 72.6 75.0 74.8 73.4 74.4 76.6 77.1 76.0 75.3 78.0 78.4 76.9 77.1 78.3 80.3 81.( 79. 79.6
F2.4 -U.7 75.3 74.8 73.4 74.1 76.4 77.2 76.0 75.3 78.8 78.0 76.6 76.4 78.8 80.1 80.3 78.' 79.6
Pl.9 72,0 75. 74.8 73.4 73.3 77.2 77.2 76.0 75.8 7W.8 74.3 76.6 78.5 79.1 81.0 8i.7 79. 80.0

3.8 74.3 77.9 76.5 74.9 75.8 78.8 78.5 77.8 76.1 80.4 79.9 78.4 79.9 60.4 82.0 81.4 80.3 80.9
13.8 74.4 76.9 76.4 74.4 t5.4 78.5 78.5 77.6 77.0 60.0 79.4 78.3 79.9 80.0 81.3 81.4, 80.- 80.4

12.8 83.9 89.0 85.4 83.9 85.3 89.8 86.3 84.2 89.3 89.4 8U-9 87.3 89." 91.1 89.9 88.0 86.3 88.6
17 0 88.8 92.9 91.3 88.4 90.8 91.7 88.6 19.4 95.1 93.1 90.3 91.9 95.8 93.6 92.5 89.1 91.2 95.3
V.3 89.1 93.3 91.5 88.5 91.0 92.2 90.1 69.7 95.3 95.0 91.9 92,0 95.5 99.0 95.5 91.9 91.3 95.4

17.4 89.1 93.5 91.5 90.0 bl.0 92.4 90.2 49.8 93,3 95.2 92.1 92.1 95.8 9$.0 95.6 92.0 91.9 9S.4

143 85.0 92.? 87.1 90.3 908 90.6 85.0 6.9 W) " 0 90.3 93.2 95.4 WI.1

11.7 52.9 57.5 56.1 50.3 $5,3 62.1 53.8 51.1 59.4 67.6 60.2 5$.4 57 6 43.a 71.1 53.3 59.9 62.3
W i. 5.) 5$.2 5.) 49.7 53.2 62.3 $, 5 3 59,3 68.O $9,, A 5,9 %?.1 62.8 71.1 53.3 59.9 62.5
W0.6 $1.2 7.2 55.2 49.6 54.4 61.4 S2.) 50.3 58.3 63.1 W9.% 51.9 56.5 62.2 71.1 WI.2 59.9 62.5

ocatioons see Sec. IV-A and B. B



114 120 126 132 138 1"4 150 136 162 168 174 180 186 192 198 204 210 216 222 228

5 6 7 9

74.8 86.0 97.3 84,.1

75.3 88.0 95.4 84.9 74.9 85.9 94.5 96.6 85.9 74.9 85W4 94.4 P5.9 72.1 74.7 76.9 74 3
75.2 78.2 81.3 77.4 73.3 78.6 81.0 77.8 74.3 72.9 75.3 77.2 75.1

85.4 87.2 87.4 86.0
82.9 86.8 89.1 86.1 84.0 87.1 88.5 88.4 86.3 83.3 86.4 86 4 86.3 79.1 7A.6 78.4 81.0
79.4 80.9 83.0 81.9 78.2 81.0 82.8 79.8 81.4 79.14 78.9 79.8 81.1

80.2 85.4 91.7 86.3

77.8 84.8 90.0 84,9 78.9 85.0 90.7 90.5 81.0 79.4 85.2 90.0 85.. 7580 77.4 79.5 80.2
75.5 80.2 82.9 80.9 75.6 80.8 82.5 79.1 80.9 75.2 77.S 78.5 80.8

81.2 87.6 90.3 86.9 82.1 67.7 89.4 90.1 87.2 82.7 87.8 89.8 86.8 82.9 88.3 89.9 86.8

78.2 80.1 82.4 81.2 78.7 80.1 82.1 82.3 81.4 79.0 60.0 82.4 81.1 79.0 603 82.7 81.5

80.8 86.8 87.8 86.2 82.7 87.6 88.7 88.8 86.3 82.5 87.8 88.8 86.3 82.3 88.0 89.0 85.4

75.3 78.1 79.9 78.1 76.0 78.6 79.7 80.0 80.3 76,7 79.2 80.0 80.9 76.7 79.4 80.7 W0.1

82.4 87.1 90.0 87.1 83.1 8'.5 a8.8 87.9 86.3 82.4 86.2 87.9 86.5 83.3 86.3 87.9 86.3

81.5 87.0 89.4 86.9 82.7 87.. 88.7 87.5 86.3 82.0 85.8 87.4 86.3 82.4 36.2 87.2 86.3

81.4 861 88.7 864.9 81.8 88.5 88.9 88.4 85.4 81.6 85.8 88.3 85.3 83.3 86.6 89.0 85.9

79.3 80.9 82.6 81.3 80.2 81.1 82.6 80.4 80.1 78.8 78.4 79.8 79.7 78.0 78.1 79.4 79.2

77.8 79.0 81.k 81.5 79.6 80.3 81.9 83.6 83.8 81,8 82.8 84.1 84.1 82.3 83.8 83.7 83.7

78.0 79.M 81.0 80.7 79.4 80.4 61.1 82.4 82.8 80.9 81.7 83.0 82.8 83.5 84.0 85.0 85.2
79.7 80.6 83.0 82.3 80.4 81.8 83.2 85.0 85.7 83.0 84.1 85.6 85.6 83.6 84.0 85.7 84.1
80.3 80.2 84.0 83.1 81.3 81.7 84.0 84.9 84.9 83.0 83.9 85.4 85.1 83.3 84.0 84.9 83.8
79.7 80.3 82.2 81.5 80.0 81.A 83.0 84.9 85.0 83.1 84.2 85.5 85.1

79.8 8W.7 86.1 85.2 81.6 82.2 85.8 86.8 86.0 82.5 84.1 867 W60 82.7 84.0 87.6 86.1

78.9 80.2 83.0 81.8 79.4 81.8 83.3 85.2 84.9 81.4 83.9 85.5 84.7 82.3 84.0 86.0 84.0

79.8 80.6 83.1 81.9 79.5 81.9 82.5 84.0 84.0 81.2 82.9 84.2 83.9 81.8 83.9 83.4 83.7

83.4 84.2 87.5 86.9 84.5 86.6 A7.9 90.0 89.6 87.2 88.6 90.2 89.6 87.6 89.6 90.2 87.6

86.7 86.4 90.3 88.4 87.8 89.3 89.9 91.1 90.h 88.9 90.3 91.3 90.0 89.3 91.0 91.8 89.9

83.1 82.8 86.4 86.7 84.1 85.6 86.0 87.4 87.1 85.3 86.5 87.4 87.2 85.9 87.4 87.9 86.1

76.0 75.3 78.0 78.4 71-.9 77.7 78.3 80.3 81.0 79,2 79.6 80.4 81.2 79.6 80.5 80.0 60.4
76.0 75.3 718.8 78.0 78.6 78.4 78.8 80.1 80.3 78.7 79.6 80.0 80.3 79.0 80.2 81.3 79.6
76.0 7. 8 78.8 78.8 76.6 78.5 79.1 81.0 81.2 79.0 90.0 80,9 81.6 81. 3 80, 82.5 80.5
77.8 76.1 80.4 79.9 78.4 79 9 80.4 82.0 81.6 80,3 60.9 81.6 80.0 80.3 81,2 80.3 80.6
"17.8 77.0 80.0 79.4 78.3 79.9 80.0 81,3 81.6 60.2 80.4 81.4 81.6

"84.2 89.3 89.'1 88.9 87.3 19.8 91.3 89,9 88.0 a6.3 88.6 88.7 88.2 A7.2 90.1 88.7 81.6

89.1 9531 93.1 90.3 91.9 95.4 93.8 92.5 89.1 91.2 95.3 43 2 89.9 93,0 96.4 89.0 88 0

89.7 95.3 95.0 91.9 92.0 95.W 95.0 95.5 91.9 91.3 95.4 95.1 93.1 93,2 96.% 93.3 91.8

89.8 9W.3 95.2 92.1 92.1 95.8 93.0 95.6 92.0 91.9 95.4 05.2 93.2 93.7 9,6. W..7 91.f.

86.9 91.3 88.0 90.3 93.2 93.4 *N 1

1.1 59.4k 17.8 60.2 PA.., 57.8 63.. ,1.1 53.3 59.9 62.3 67.0 56.4 41., 5?.0 'is 0 47.,, R

s0o3 39.3 "8.0 59l S3,9 37. 68.8 71.1 %3.3 59.9 82.5 67.0 56.8 48, . 7,0
10.3 38,3 W881 39.1 S 1.9 38.3 62.2 71.1 51,2 59,9 62.5 46.8 $6.7

C
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T
Table XII-A. VARIATION OF TEMPERATURES INSIDE SHELTER"

21 x 21 x 7 ft. shelter; 45 occupants
no ventilation

Hru.Time From Start of Test, Days-.

T.C. 0 6 12 18 24 30 36 42 48 54 60 66
No. 0 1 2

AIR TEMPERATURES
SHELTER AIR

Center
6 ft elev

DB 15-12 46.2 59.3 63.0 66.5 69.4 70.0 72.0 73.1 74.2 78.5 79.8 80.8
WB 15-11 45.3 56.0 59.8 62.6 66.0 66.6 68.9 70.2 71.5 76.0 77.0 78.2

3-1/2 ft elev
DB 15-4 45.7 59.3 63.5 66.5 68.8 70.0 72.0 73.3 74.1 78.0 79.5 80.8
WB 15-3 45.1 57.4 61.2 64.1 67.4 68.8 70.5 72.0 73.3 76.0 77.5 79.0

1 ft elev
DB 15 2 47.2 59.0 63.4 65.1 68.5 69.0 71.0 72.3 73.3 77.5 78.4 79.8
WB 15-1 44.8 45.5 67.6 68.1 70.2 72.0 72.9 75.4 75.7 77.9

Near Wall
3-1/2 ft elev

DB 15-6 45.8 59.2 62.7 65.3 68.4 69.4 71.3 72.9 73.9 77.7 78.8 80.3
WB 15-5 45.3 57.5 61.3 64.2 68.2 69.3 71.2 72.8 73.8 76.9 78.4 79.8

In Corner
3-1/2 ft elev

lB 15-8 46.1 58.0 62.0 64.8 67.7 69.0 70.8 72.1 73.9 77.0 78.0 79.3
WB 15-7 45.3 j6.6 61.0 63.6 67.4 68.8 70.4 71.9 73.8 76.0 77.2 79.0

INSIDE SURFACE TEMPS

SECTION B-B

Wall 1-i 43.2 51.2 55.2 58.0 60.8 62.6 65.2 66.2 66.3 69.7 71.2 72.5
1-7 45.5 51.7 55.0 57.6 62.0 63.6 65.3 66.2 67.7 70.4 71.6 72.9
2-1 45.0 55.0 59.3 61.4 65.3 67.5 69.5 71.0 72.1 73.8 75.4 76.7
2-7 47.0 52.0 55.7 58.8 62.5 64.0 66.0 66.9 68.0 71.3 72.5 74.0
3-1 47.0 52.2 55.3 58.5 67.0 63.5 65.8 67.2 67.9 70.0 71.0 72.2

Ceiling 3-7 45.7 59.5 60.3 63.1 69.5 71.0 73.2
4-1 44.8 53.9 58.0 60.5 65.0 66.5 68.5 69.8 70.8 72.6 74.2 75.3
4-7 45.0 52.3 56.3 59.3 63.0 64.9 66.8 68.4 68.7 71.3 73.0 74.2

Floor 5-1 46.2 58.5 62.8 65.4 70.2 71.5 73.2 74.6 75.1 77.3 78.2 79.4
5-10 46.3 59.5 64.0 67.0 71.5 72.5 74.7 75.7 76.6 78.5 79.8 81.4
6-4 46.0 52.7 57.1 60.2 63.5 65.0 67.2 68.5 69.9 71.4 73.0 74.1

SECTION C-C 6-10 44.3 51.0 54.5 57.7 62.0 63.4 65.2 66.6 68.0 70.0 71.0 72.5
Wall 7-4 45.2 50.5 53.3 56.0 61.0 62.5 64.0 65.0 66.5 69.1 70.2 72.0

7-10 A6.0 54.5 58.8 61.0 65.0 66.6 69.0 70.0 70.9 73.5 75.0 76.3
8-4 46.0 52.2 56.3 59.2 64.6 65.0 66.7 67.9 69.1 71.3 72.2 73.7
8-10 45.5 15.0 55.2 58.1 62.0 63.2 65.4 66.5 67.2 69.4 70.4 72.0

Ceiling 9-4 44.1 53.5 58.0 60.7 65.9 67.C 68.2 69.8 0.8 73.1 74.3 75.4
q-10 45.1 52.6 56.3 59.4 64.2 6..4 b7.2 68.9 70.0 72.4 73.4 75.0
10-, 44.7 51.0 55.0 57.8 62.4 64.0 6t. 0 67.2 68.4 70.4 71.7 73.3

Floor 10-10 47.1 59.0 63.4 67.0 71.9 72.5 74.0 75.3 76.4 79.5 80.2 81.4
11-7 46.6 59.2 63.5 66.5 71.4 72.4 74.1 75.7 76.2 78.5 79.8 80.0
12-4 45.% %1.1 S7.2 60.1 64.2 h54 6•.n 6At.8 70.0 71.3 72.5 73.6

SECTION D-D 4 4i.8 49.4 53.0 55.8 )v.> bt.u *3.1 b..1 oW.1 61.4 We.. 70.1
13-4 45.0 49.0 51.7 54.7 60.2 61.0 62.0 63.3 64.8 67ý0 68.0 69.4
13-8 45.2 50.4 54.2 57.0 61.0 62.4 4 .5 65.8 67.0 68.7 70.1 71.4
14-2 4-5.5 50.8 A54.1 56.8 61.5 62.7 64.4 65.8 66.8 68.5 69.5 71.1

SIMOC SKIN TEMPS. 14-6 45.9 40.4 53.7 56.1 59.4 60.4 62.4 64.0 64.5 66.0 67.0 68.8

Center - Top 18-7 46.3 69.0 71.2 74.0 75.3 75.5 78.3 78.8 80.9 86.4 86.5

Middle 18-8 46.3 69.. 73.0 75.0 77.0 77.0 ?8.3 79.1 8C.8 83.4 84.4 85.6

Near Wall - Middle 18-10 46.7 68.6 72.0 75.4 77.0 78.0 79.5 82.6 83 3 86.6 87.V 89 3

In Corner - Middle j;-i1 . t.9 68.Q 7(o0 73.5 73.4 7>.5 76.8 77.0 80.0 80.8 82.5

O•rTSID ftE NPWtIEAR DP ,-, 1 !.7 66.5 b4,.8 6,4.5 70.0 71.(C 08.7 67.3 67.0 73.1 71.4 72.0
191-e 0.5 66.2 64.8 64.., 69.8 71.0 68.7 67.3 67.0 71.6 69.6 7C'.5
I-Q ,.".5 65.9 64.5 64.0 e69.5 71. W8.7 67.2 66.7 69.8 68.0 68.4

For detailed descripticn of thermocouple locations see Sec. IV-A and B.
'U



TEMPERATURES INSIDE SHELTER"

telter; 45 occupants
:ilat ion ___ ___ ___ __

Hrs. -•ii1
Time From Start of Test, Days-.

12 .8 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108 78
1 2 3 4

63.0 66.5 69.4 70.0 72.0 73.' 74,2 78.5 79.8 80.8 81.0 81.5 82.1 83.5 84.6 85.2 86.2 81
59.8 62.6 66.0 66.6 68.9 70.2 71.5 76.0 77.0 78.2 78.4 78.5 80.0 80.8 82.4 82.8 84.0 78

63.5 66.5 68.8 70.0 72.0 73.3 74.1 78.0 79.5 80.8 80.9 81.1 8282 84.0 85.1 81
61.2 64.1 67.4 68.8 70.5 72.0 73.3 76.0 77.5 79.0 79.6 79.6 81.2 822 83.0 83.5 85.1 79

63.4 65.1 68.5 69.0 71.0 72.3 73.3 77.5 78.4 79.8 79.9 80.1 81.3 82.2 83.7 84.3 85.1 80
45.5 67.6 68.1 70.2 72.C 72.9 75.4 75.7 77.9 78.1 78.1 79.3 80.6 81.7 82.2 83.0 ,. 78

62.7 65.3 68.4 69.4 71.3 72.9 73.9 77.7 78.8 80.3 80.4 bO,8 82.2 83.0 84.8 84.9 85.6 i 8t
61.3 64.2 68.2 69.3 71.2 72.8 73.8 76.9 78.4 79.8 80.0 8C.3 81.6 82.6 84.0 84.2 E5.5 * 80

62.0 64.8 67.7 69.0 70.8 72.1 73.9 77.0 78.0 79.3 79.7 79.8 81.1 81.8 83.3 83.4 84.6 79
61.0 63.6 67.4 68.8 70.4 71.9 73.8 76.0 77.2 79.0 79.3 79.4 81.0 81.8 83.0 83.3 84.6 Sp 79

55.2 58.0 60.8 62.6 65.2 66.2 66.3 69.7 71.2 72.5 73.2 74.0 75.2 77.0 77.2 78,0 79.3 8(% 74
55.0 57.6 62.0 63.6 65.3 66.2 67.7 70.4 71.6 72.9 73.1 74.0 75.2 76.0 77.2 78.3 79.3 8(L 74
59.3 61.4 65.3 67.5 69.5 71.0 72.1 73.8 75.4 76.7 72.0 77.4 78.6 80.0 80.8 82.0 83.0 8 ', 77
55.7 58.8 62.5 64.0 66.0 66.9 68.0 71.3 72.5 74.0 74.1 74.9 75.7 77.2 78.2 79.2 80.2 8i: 74
55.3 58.5 67.0 63.5 65.8 67.2 67.9 70.0 71.0 72.2 72,5 73.0 74.2 75.5 76.5 77.0 78.4 7C.i 73

60.3 63.1 69.5 71.0 73.2
58.0 60.5 65.0 66W 5 68.5 69.8 70.8 72.6 74.2 75.3 75.9 76.2 77.2 78.7 79.9 80.' 81.7 8;1 76
56.3 59.3 63.0 64.9 66.8 68.4 68.7 71.3 73.0 74.2 74.2 74.6 75.7 77.2 78.5 79.3 80.6 81' 74

62.8 65.4 70.2 71.3 73.2 74.6 75.1 77.3 78.2 79.4 79.6 79.9 80.4 82.0 83.1 84.0 84.9 85' 79
64.0 67,0 71.5 72.5 74.7 75.7 76.6 78.5 79.8 81.4 81.5 81.6 82.5 83.6 85. 3 86.,' 87.0 81i 81
57.1 60.2 63.5 65.0 67.2 68.5 69.9 71.4 73.0 74.1 74.3 74.5 75.6 77.0 78.2 78./ 0.0 8 1 74

54.5 57.7 62.0 63.4 65.2 66.6 68.0 70.0 71.0 72.5 72.9 73.2 74.4 75.5 77.9 78 0 79.3 80) 73
53.3 56.0 61.0 62.5 b4.0 65.0 66.5 69.1 70.2 72.0 72.1 72.3 73.5 75.1 76.4 77.0 78.4 79- 72
58.8 61.0 65.0 66.6 69.0 70.0 70.9 7j.5 75.0 76.3 76.5 76.9 77.9 7•. 80.5 81.3 82.6 83. 76
56.3 59.2 64.6 65.0 b6.7 67.9 69.1 71.3 72.2 7>.7 73.9 74.0 75.2 76.5 77.8 78.4 79.4 qo) 74
55.2 58.1 62.0 63.2 65.4 66.5 67.2 69.4 70.4 72.0 72.1 72.3 73.6 74.9 76.0 76.6 77.6 78. 72

58.0 60.7 65.9 67.0 68.2 69.8 0.8 73.1 74.3 75.4 76.0 76.2 77.3 78.6 79.9 80.8 82.0 83) 76
56.3 59.4 64.2 65.4 67.2 68.9 70.0 72.4 73.4 75.0 75.1 75.A 76.3 77.7 79.0 79.6 81.0 81. 75
55,0 57.8 62.4 64.0 66.0 67.2 68.4 70.4 71.7 73.3 73.6 73.9 75.4 76.8 78.1 78.6 79.5 80 73

63.4 67.0 71.9 72.5 74.0 75.1 76.4 79.5 80.2 81.4 81.8 81.9 83.0 84.0 85.4 86.0 87.0 871 81
63.5 66.5 71.4 72.4 74.1 75.1 76.2 78.5 79.8 80.8 80.9 81.1 82.2 83.5 85.0 85.4 F' 1 87) 8V1
S7.2 60. 1 64,2 65,4 67.0 68.8 70.0 71.1 72.5 73.6 73.9 74.3 75.2 76.7 78.2 ;2 4 i9.4 So 74

53.0 55.8 v.- ) i.u 0- .1 b4.- o)./ 6, ..J bat) 10.1 7.0 - U.6 ',., /3i.-) Ia.) 75.0 16.0 r$ /0
51.7 54.7 60,2 61.0 62.0 63-3 64.8 67.0 68.0 69.4 69.6 70.0 71.0 72,4 73.8 74.0 75.0 yI 70
54,2 57.0 b1.0 62.4 6 .5 65.8 67.0 68.1 70.1 71.4 71.7 72.2 73.4 75.0 75.9 76.2 77.2 •17 2
54.1 56.8 h),5 62.7 64. # 0 .8 6b.8 68.5 69.5 71.1 71.3 71.4 72.8 74.0 75.4 75.5 76.7 71
53.7 56.1, Q,4 ')0. 4 f2.4 6-4.0 64.5 o6.0 67.0 68A8 68.9 69.3 70.4 71. , 72.4 72.9 74,0 X 69
71.2 74.0 75.1 75.5 78.1 18.8 80.9 86.4 86.5 86.7 87.2 88.9 89.5 90.0 90.1 91. 91 87

73.0 75.0 77.0 17,0 78.3 79.1 8C.8 83.4 84.4 85.6 85.5 86.2 87.6 89,0 89.2 89.8 9o,7 91 86

72. G 75.4 ,7.0 8.0 74. ' 82.6 83.3 86.b 87.r 89.3 89.3 $Q.7 90.5 91.7 93,• 9J.9 95.0 95 89

" . ( 7,. 7,V, 800 , 82at.C 4.1 8'.8 1.2 84? .1 85.5 86.4 87.1 87.0 81

e4. . ; ... :1.8 ,.7 7.3 p.7.0 73.1 '1.4 72.o V .V(' 69.1 65-.2 63.8 O3.5 65.3 b4.- 60 69
614.8 64. 0,14s"I J. , .. 6S 7. 367 .0 71.6 69.~ t? 5 1.14 68.7 65.1 63.8 (3.5 64.3 63.9 614 68

7,,, 64.0 .. , :, " 67.2 66.7 69.8 o8,0 68.4 68.8 68.2 64.3 63.4 f3.0 63.8 63.9 631 68

ermocouple locations see Sec. IV-A and B.
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8 84 90 96 102 108 114 120 126 132 138 144
4 5 6

1.5 82.1 83.5 84.6 85.2 86.2 87.1 88.5 88.9 89.7 90.5 92.2
8.5 80.0 80.8 82.4 82.8 84.0 85.0 86.2 86.5 87.0 88.0 90.0

82.2 84.0 85.0 85.1 86.2 87.1 88.0 88.9 89.4 90.4 91.81.G 81.2 82.2 83.0 83.5 85.1 85.4 86.3 87.3 C7.4 89.0 89.2

0.1 81.3 82.2 83.7 84.3 85.1 86.2 87.2 87.5 88.2 89.0 91.1
8.1 79.3 80.6 81.7 82.2 83.0 84.1 85.4 85.8 86.4 87.4 89.3

9.8 82.2 83.0 84.8 84.9 85.6 86.6 87.6 88.4 88.5 89.5 91.3
0.3 81.6 82.6 84.0 84.2 85.5 86.0 87 1 88.0 88.1 89.4 90.0

9.8 81.1 81.8 83.3 83.4 84.6 85.4 86.9 87.3 87.8 88.7 90.4
9.4 81.0 81.8 83.0 83.3 84.6 85.5 86.3 87.0 87.5 88.4 89.6

4.0 75.2 77.0 77.2 78.0 79.3 80.0 81.0 81.7 82.6 83.8 84.7
4.0 75.2 76.0 77.2 78.3 7S.3 80.0 81.0 82.0 82.5 83.6 85.0
7.4 78.6 80.0 80.6 82.0 83.0 83.4 84.8 85.5 86.0 87.0 83.2
"4.9 75.7 77.2 78.2 79.2 80.2 81.0 82.0 82.9 83.4 84.5 86.0
'3.0 74.2 75.5 76.5 77.0 78.4 79.0 80.4 80.9 81.3 82.3 83.8

6.2 77.2 78.7 7q.9 80.7 81.7 82.7 84.0 84.7 85.0 86.2 87.7'4.6 75.7 77.2 18.5 79.3 80.6 81.1 82.1 83.3 83.5 84.8 85.9

9.9 80.4 82.0 83.1 84.0 84.9 85.8 87.1 87.5 88.0 89.0 90.5
1.6 82.5 83.6 85.3 86.0 87.0 87.5 89.0 89.7 0.0 3.8 535
4.5 75.6 77.0 78.2 78.7 80.0 80.7 82.0 82.7 0300 3. 2.
'3.2 74.4 75.5 77.9 78.0 79.3 80.0 81.5 82.0 82.5 83.7 85.2
'2.3 73.5 75.1 76.4 77.0 78.4 79.1 80.7 81.4 81.8 83.1 84.6
'6.9 77.9 79.4 80.5 81.3 82.6 83.0 84.4 85.4 85.5 86.8 88.0
'4.0 75.2 76.5 77.8 78.4 79.4 80.0 82.0 82.4 82.7 83.7 83.4
'2.3 71.6 74.9 76.0 76.6 77.6 78.4 80.0 80.3 80.8 81.5 83.1

'6.2 77.', 78.6 79.9 80.8 82.0 82.6 84.0 84.7 85.0 86.2 88.0
'5.3 76.3 77.7 79.0 79.6 81.0 81.4 83.2 84.0 84.1 85.5 87.0
'3.9 75.4 76.8 78.1 78.6 79.5 b0.7 82.0 82.7 83.0 84.0 85.4

1,9 83.0 84.0 85.4 86.0 87.0 87.6 89.0 89.5 89.9 90.5 92.61,. 1 82.2 83.5 85.0 8 5.'b 86.1 8,.0 88.5 89.0 89.2 90.2 92.1
"4.3 75.2 76.7 '8.? 78.4 79.4 80.0 81.7 82.0 82.6 83.6 8%.1

wt.b 14.1 . 1.) I4.) 75.U 16.0 77,u ,7., 7b.V 19-1 oU.1 ot..2
F0.0 71.0 72.4 73.8 74.0 75.0 76.0 77.3 78.0 78.4 79.3 81.4
P2.? 73.4 75.0 75.9 76.2 77. 78.2 79.5 80.1 80.5 81,9 82 8
P.4 72.8 74.0 75.4 75.5 76. 77.6 78.8 79.5 79.8 80.9 82 8
9.3 70.4 71.6 72.4 72.9 74.1 74.9 /5.6 76.6 76.9 77.8 79.0

17.2 88.9 89.5 90.0 90.1 91.3 92.0 92.5 93.4 94.0 95.0 95.6
16.? 87.6 89.0 89.2 8Q.8 90.7 91.5 92.2 93.0 93.2 94.2 94.7

19.7 90.5 •1.7 43.6 93.9 9S 0 95 . 95.7 96.5 96.8 98.4 99.4

13.2 94.1 85.5 86.4 87.1 87.8 69.0 89.8 90.2 90.8 92.0 93.0

i9.1 65.2 63.8 63.5 65.3 64.0 62.4 64.4 65.0 63.9 63.2 66.2
p8.7 654. 63.8 63.5 64.3 63.9 62.4 64. 0 63.0 63.0 62.5 59.1
8.2 64.1 63.8 63.0 64.3 63.9 62.4 64.0 63-. 61.0 61.5 50.4
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Tafl~e XIII-A. VARIATION OF TEMPERATURES INSIDE SHELTER E

21 x 21 x 7 ft. shelter; 45 occupants; it

3 cfm/occupaiit cc

T. C. G 6 12 10 24 )0 34 42 48 54 40 68 fl 7 8 4 94 It0 214 522 in4 1% PA 14" 252 258 2148 Ric

9415.10 59.3 95.0 94.1 76.8 04.5 " 94. 62 75. 1 83.6 93.7 04.0 14.? 65.0 9s.3 650 3. 76.7 54.3 94.5 83.9 77.8 93.1 94. 1 3. 76. 94.8a 1` . .
is 19 34.0 so. 7. 72. 71.1 77. 7. 700 71. 7.3 71.9 4.3 73.9 74.9 74.6 8944 78.5 81.0 88 I 41.0 74.1 65.2 69.3 S12 7o8659 6

-T MUCT 2.A
*~~o ft- of. 7127.1:3 798. 4 1 79.9 94. : 41 8,1.9 81.:4 82.4 113.4 83.2 63.4 of5 WI4 `4 4 45 93 94 99 6 9. 0 0.1

* 14-1 53. 70. '0 s3. 7. 0.3 79. it. 79.1 19 61. V9.3 60.2 80. 13 9. 80 s. 49 8. 43 67S 5.O6. 48 72 6

4 ft I"4
* 512 3.37.97. .3 769827 9.76.08.19. 6. 4. 6. 5. 5. 4. 40a44 19 61 948 918 919 8.4 9.9 9.8 9.

VI ~ 13. 5 373 9.0 7. . 73. 7. 760 73. 7?. 79. 298 74 79.9 80. 79. as. 94. Is18. 44 60 8. 9. 54 6. 37 8

3-1/2 It .1" 4.
94 15-ll3 57.3 71.qJ 74. so9:.3 8. 79.3 78, 94. 81. 94. 79. 81. 94. 94. so. so. 94 7 4 54 9.1 9. 9 9.0 9. 3

I ft *1".3.
* 157 37.3 73.2 75. 736 4 1 41. 94. 403 At.7 V2.. 12.51 6 3.4 1 63.3 9489. 429.340 4 4 92 4. 30 9. 43 9.

315:31 317.3 69.0 72. '4.1 73 7 9.31 7$4.0 11.0 711.7 94. 79. is.7 94. 7.9 793 79. 24.4 93 868.0, 896.4 "964.8 : 4 8.0 I4. V54 8. 42

3-111 ft.1of 13.4 57.6 72.9 75.7 76.4 744 02.7 so. I4. 61. 833 6.120 6. 4.0 6 83.3 9429. 04 8.3 9. 46 9. 9.347 9. 9
*13.3 57.7 71.3 74.7 75.6 77. 1 5. 9.1.1 1e a4. 6 U. 61. 1. .3 61.:3 8 1. 4 9.7 of285.1 653 7.4866.3 85.4 57.3 N.3 94.13 $3.9 8731

3-1/2 71 7511 is
94 ~ ~ ~ ~ ~ : 13" 37. 7337.I3t7. 179 418. 3. 198. 198. 519. 678. 94. 9:3 69... 1. 911.4 9409.4 911.3 90.

* 13- 57.7 70.8 74.:0 74.19 77. 2 9s 9 79: '1 so 9.2 2. 81. 111. It. U 1. 813 so99. 46 6.3 9. 45 8. 9 4.1 5. 4. 77

79411 1- 1 73.1 740: 4. 08 7. 31 7. 48 7. 70 7. 83 7. 90 9. 40 6. 5. 63. 57. 4. 65. 67. 67. 7 1 . 66

wal1:7 $54, 94. Is. 710 7.243 7. 74. 78. 778 7. . 87 7. 75. 7. 94. 0 9 4. 36 .a,. 99 0 88 4 9 4.2 6 1. 71 94 6 .6 ~ .

1 53.0 4? . 97. 7".0 '71.4' '73.3 74.79 76.3 74.3 77.3 IM 77 3 : 77.6 7' 9. 9 77.4 77.6 77. '56. 4.9 94.4 94. 83.3 865.2 " 83. 1 94.4 83 q 8

9.119 3- 81. 93. 92. 91. 41.9 9.1 .... 1.3 4: :1 : :1S : OI D

4.7 389 36 10. 71. 73. 1. 74.7 77. 7. 76 . 77. 7m . 79. 79.3 "9. 79. 63.4 85. 94. 9. 94. 09673 M4 9 " 144 7.1

4- 49 47 4. 09 729 7.4 7. 9. 77 647.4 797 7. 8. 90 7. 65 13.3 "9. 063.7 $&.3 4,.7 94. 94.265. 44 8

801 1 IN1 35. 94. 48.4 49. 72. 741 734 74.3 ?G.1 77.8 77.7 77.3 78.4 76.11 77.6 77.7 94.3 9. 34 4.3.0 1. , 94. 13.5 8. 6 4.9 61
71 $43 9.183 4. 19 7. 58 7. 63 7. 77 7. 62 7. 74 7. 41 9. 33 K5 9 .7 65 9 91. 6 .4 55 1 A81. 0350

7.1 54. 17 7 1 73. 6 73. 78 6 78. 79.30 76. :9 . 9 4. 3 1? .: 871 . 801 62 944 94. 9.4 07. 47. 874 9.0 8. 4. 74 6
6. 4 ,. 48 4. 80 7. 53 7. 43 7. 73 7. 78.1 77. 77. 1. 83.4 94. 94. If I al., 83.4 3. 5 &. 1 al.7 33 8

F-oor73.0 62.4 47.21 7 4.3 9. 71.1 74.0 47 7. 33 7. 44 7. 46 7. 44 7. 34 8. 36 6. .3 44 9 $3. 9636 6 3 .794 28
to01. . 4 : 3 7.3 4. 73. 74.1 736 9. 7.3 9. 943 8.15 6.1 8.432 8. 614 94.4 94.4 95.3 90.4 91.49 33 9 3 921 1. 9. 298

9.0 54. 94. IS.3 70.9 74.3 70. s7. 77. 70 9.0 7. 7$. 96 9 79 7. is. ?I. t7. "4. 67. 17. 344 9 ) 6.6 5 6

77 !7. 4y i 21 7 7.
wall. 6T5 533 50 4. 9.3 94 7 39 : 4.6 94. 9713,9. 49 4. 76 . 74 8. 9.4 93.46 63. 95.3 1 9 4 3.593 93.0 91. 5 Is, 93. 94. ' P4

7:15. 3. 7.3 7. 73.9 79.6 83.: 78.7 .3 5 9440.7 3. 5. 9.2.0 1~. 9. 916 95. 93.4 ISO as 92. 93 1038 9.6 4 7 9

52-to 0 62.. 6y9 .0 10. 72.1 7M.2 It 7 4- ". 74.8 78.3 76.2 To., 7046. 70.3 P6.6 70.5 "43 94. 3.4 9. 4 9.8 94 a.6 65 9 36.3 63.6 "J. 8,

13.50. :4 , 43. 7 W 47.5 4.2 12.6 74.55 s a 3. 759 74. 74. 18. 4.4 13 $&.5 at78. . 9034 013 37.9 it6 91 4 . 65. 6 "Is 93 8.1

77..64. 7. 74.4 71.1 74. 78.. a": i.s 3
142 51.A 635 4. 817, 49 7. 33 7. 3 75.4 37 7.77.01 .)56 5. 18 4. 41.9 658 65 WS4 $663 0 6. S.4

54.4 UN '740,12 8946,: is: 75.8 731.$21 r1, 75. t 555764 U6175 of8 391 SO49. 4 566559, 44 .

4 .94 86 as 4 86 88 964
C.0..1 5. 3549364354It6,. . - 4 4 96. Is. 55. 914o 9347 953 9

94M5. 1 2- 1 43.0 6453 43 .4 83729.39 0 .4 !. 7.5 94 is 1 43 44 4

55.9S" 5693065.65194.769.994.369.59).494' .631601A1ý6? - 16' 961.43 $1,? 95 It 95.0 ft.:43 934 45 93

99729 15 156 6G. 511 A1 41 1. 13 ?1 17 1. 1 1 i I sa

59.' 444$ 6" 474UI 1 49 as t5 7 6 34 3 '19 A'. 2.4 .1 ":85 5 I9 No9 .452 91.4 "It If I3 M 39 3 3 0.0 of 489 55 It 9 :0 1 4 . ~
59w4 wal 4041 4610 5J 446 32 93. 5. s 7995 45 I 84.5 5. 481455)1 5 .9A ft I5 %as 3 39 I3 49 a 488 5 to 35 50 3 a4 3- 1" ,,

5.9.71"dk il 94948ole6m05at477 109) 6b. 554254 35955WA30 0 4 34 10. 46' 0# 8 t84 I5 is3 369 of3 48. 75 38 to 3 Is t

For detailedi description of thermocouple locations see Sec. IV-A and B. 01.



MRATURES INSIDE-SHELTER

Iter; 45 occupants;
ccupalit

78 I 84 10 10 214 222 228 5386 0 2e446 252 258 1" 270 274 282 288 2$4 No 38 111 3118 58 02 Los 114 123 122 132 138 218
IS It 12 22 i

'3. 932 ~.7 7A4.) 93 8C 3.9 77A SSA 1 6.4 IM. M8.1 064.8 58.2 84.1 78.0 03. 93. 257 $2. 849 83.7 839 928 71734 65.1 92.6 8).9 1 7T. 8.
.1 "749 "74 89'N 74.3 81.0 IS88 81.0 76.1 82.2 89. 81.2 74.8 03.9 AV. 9 61.6 76.6 8O. N9. 81 . 80.4 so 8"2.4 89.7 43. 74. 72 7 4 749 70.2 7.4 70. 8.

'2.4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I 13. 82. 83. 868 4. 01 8 91 9 04 8. 94 9. 089. 99 8. 4 92 89, 9 9 9. 11:1 ":1 94 1: 83. 5 .III5 N6. 12,6. '9080. 69, 6.7 '1 . 17.2 1 , NY . 84. & 61 .2 8 .4 1 6S7 .3V 87.2 84.4 285 97.1 87.1 48. 88. f1. 81. 1. 12 62. 83 1 9 8

1.3 85, 8.3 4. ¶00 0.4 919 5.1 60. 91. 1. 9.4 0.9 91.8 82.2 91.9 91.1 91.25 9 91 9. 91.4 92.3 92.1 5. 842 6. 8.1 4. . 87., o3 91 3
9. 9 86 1 9.3 1920.1 8$.1 83.4 964. 83. 83. a 4. 83. 815.4 IM 3I.? So. 1 83.9 8W.0 83.9 83.6 92, 84.1 67.0 284 92 11 94 79.9 90.8 61. 82.0 61 8

' 8.0 ' 83 6 82.3 "7.8 89. 911 8. '98 1. 92. 911 904 91.4 91. 91.4 9. 901 91.8 9. 08 9. 228. 42 8. 64. 7.1 87.3 87 4 8

-3.2 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6 84.I So4.42 9. 0. 1.2..08.3 9.2 9.0 908 893 911 21 1..0. 0. 9. 9.7..4 9.4 919St9832.*3 '.' 0. IS 98
10.1 ~ ~ ~ ~ ~ S 79. 792 7. " 4 80 9. 48 8. 84. 95. 8. 842 87.0 S 84. 84 . 4! 6 846 43 8.48.4 79. 80.2 79. 79. 406.3 0 80

,3.2 IS. 833 832892 8 .9 90.4 89.3 8 1.3 90.8 0. 90.1 WI9. 17 9. 90. 9.3 90.2 90.0 90. 904 9. 12 9. 31 83. 84 I 64. 3. "I.7 83 7 : 113,0.2 81.3 8Il 1.4, 8079 85.1 85. a7. 843 6 , 4. 83 8. 39 8. 80 8. 48 8. 81 8. 73 8. 846. 2 3 6. 0204 2 9 62. 8

67 78. 78448-41 43-49. 1 85. 83.9 46 8. 8. 34 8. 6J 64. 84. 85 . 85. 63. 19. 64. 84. 87. 89 7.7 7.'7. 9 80.4 20 0 6.

81.)a, 1 go.. 2. 9 N. 91. 7.1 92 9 1. '0 . 91. 923 9. 9. 25 9.

S7 79. 7.. 79. 83.4 8. 64.4 8 4. 1 8 4.2 1 88. 87. 889 N. 47. 87. 87. 871 64. S 7. 2 67.5 67.3 89. 8828. 03 9.1 812 1 1 272 1 14.

V5, 63 9"55 031 92 49. 92. 3 929 9. 3 3.3 93 .SO 92 0 12. 925W.!1. 12 9. 91.7 91. 92. 9". SO. 82 S 644 8. 73A 4. 82 3 9 .
176 8. 74 8. 426 0 4. 9a 31": .3 8: IS 9 5.9 934 IS 1 '03 26 93. 95.2 $4.6 84.4 94. 9 4.2 94.7 871 4.4: 95. IN. 48.) 6 63.7V 6. 9 0. 8.9 02 904.

1 .4 78. 77. 7778. 4. 58 6 8. 39 .0 65.41 85.1 640 4. 4. . 84.2 65.7 64.2 69.2 84.9 SO47. 90 792 7. 05 8 2 84 80 $74.
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Table XIV-A. VARIATION OF TEMPERATURES INSIDE SHELTER

21 x 21. x 7 ft. shelter; 45 occupants;
3 cfrn/occupant

Mr.
Time From Snrt of Tear, r, --

.. 0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96
No. 0 2 3

A, M TEKPERArURES

SUPPLY DUC'd
D9 15-10 6/.4 93.8 83.2 78.5 85.5 94.3 83.0 77 8 85.4 94.5 83.4 77.5 85.0 94.5 84.0 77.4 85.0
S15-4 64,4 75.0 72.3 71.3 72.3 74.8 70.5 70.4 72.5 74.5 72.0 70.5 72.0 75.0 72.0 70.5 72.0

KEMURN D)U:T i
UB 16-2 67.'. 82.4 84.5 35.5 86,5 87.7 88.6 88.2 89.2 90.4 90.0 90.0 90.5 91.2 91.6 91.0 9C.3
W11 16-1 64.9 79.7 82.0 83.4 83.9 85.0 86.4 86 0 86,3 86.3 88,4 88.9 87.9 90.0 89.5 68.9 88.0

SHELIER AIR
Cent er
6 ft elev

B1 15-12 69.0 83.8 85.0 86.9 87.3 88.8 89.0 88.5 90.0 91.0 90.0 90.0 90.9 92.5 91.5 91.0 91.0
W13 i3-11 68.7 77.8 81.6 81.1 84.5 84.0 84.2 85.0 85.6 86.5 86.0 86.0 86.0 88.0 V7.4 88.0 86.5

3-t/2 ft elev
1b 15-4 66.6 84.5 85.9 87.0 88,0 88.9 90.0 89.3 90.3 92.2 92.0 51.2 92.0 93.8 92.5 92.2 92.3
.8 15-3 65.9 80.0 83.C 83.6 84.2 84.2 86.0 86,3 86.5 87.4 88.0 88.0 88.2 88.7 90.0 89.2 89.7

1 ft elev
[8B 15-2 67.9 82.4 8!.0 85.8 87.3 88;6 89.0 88.4 90.0 91.2 90.1 90.0 QC.0 '12.7 51.5 91.0 91.4
14 15-1 67.9 77.7 80.8 82.3 83.4 85.0 85.0 85.5 85.7 &7.0 8b.9 36.4 66.9 87.4 87.8 87,5 88.0

Near Wall
3,-1/2 ft elev

D0 1b-6 68.7 83.4 84.8 85.8 87.0 88.7 89.0 88.7 89.6 90.4, 90.5 90.0 90 9 91,6 92.0 9L.0 91.9
WS 15-5 68.' 80.7 83.4 84.5 85.5 87.3 97.5 88.8 39.3 90.0 19.o 88.8 90.0 90.6 90.3 90.0 90.2

In Corner
3.1/2 ft elev

D8 15-8 68.7 83.3 84.5 85.8 87.2 88.7 89.0 89,0 90.0 90.4 90.5 90.0 90.9 91.7 92.0 91.0 91.8
14 15-7 68.5 81.0 83.3 84.7 86.4 87.0 87.5 88.0 88.6 89.0 89.7 89.5 90.0 90.4 91.0 91.0 90.8

INSIDE SURIACE T4l'S.

SECTION 8.,8

Wall i1-1 69.0 77.0 81.0 82.2 82.8 83.2 85 0 85.2 85.8 87 0 37.4 87.1 87.7 88.3 89.2 88.6 88.8
1-7 71.2 77.6 79.2 82.0 83.4 84.4 85.0 85,6 86.5 87.2 87.3 86.7 87.6 88.2 89.1 86.5 88.5
2-1 68.5 76.9 81.7 82.0 84.2 84.1 86.3 85.2 85,7 88,1 98.7 87.7 87.7 90.0 90.0 90.2 39.4
2-7 68.9 76.6 78.9 81.0 82.9 87.2 84.4 85.0 85.3 87.0 87.0 86.2 87.0 87.0 88.4 86.9 88.1
3-1 66.J 74.4 79.6 80.2 82.5 83.2 84.0 84.2 84.5 86W5 87.0 86. . 86.9 88.2 87.7 88.0 88.2

Co lii kg 3-7 68.3 83.8 87.0 .i.9 88.0 89.6 90.7 90.3 90.5 92.5 92.3 92.3 92.8 94.2 94.2 93.7 94.0
4-1 69.5 76.6 81.0 82.6 84.0 85.0 85.3 86.0 87.2 87.9 88.8 85.4 89.0 90.0 90.4 90.1 90.2
4-7 70.S 78.3 80.0 82.3 83.3 84.5 85.6 86.0 87.6 67.9 88.0 86 3 88.2 ZM.1 89.5 89.3 89.0

Floor 5-1 67.9 81.4 88.0 86.0 87.1 89.2 90 1 69.3 90.0 92.5 92,6 91.0 92.3 94,0 92.5 91.0 91.8
5-10 u7.9 86.7 89.8 91.2 92,6 93.5 94.5 95.8 95.4 96.9 97.3 97.0 97.5 97.7 9".0 97,9 97.3
6-4 66.5 76.0 31.0 82.0 82.9 84.6 85.1 86.3 87.4 88,0 88.2 87,7 88.3 89.2 89.2 89.3 89.0

SECTION C C

Wall -10 70.0 77.2 F0.0 81,8 83.0 84.0 84.6 Z5.j 56.5 81.0 86.6 86.5 87.0 88.3 87.8 88.3 88.2
"7-4 72.0 76.9 80.0 81.4 82.6 84.1 84.5 85.0 8M.3 36.5 86.9 86.3 $7.0 88.3 88.3 88.5 88.6
8-10 70.0 76.9 81.5 83.1 84.0 84.0 86.0 86.4 88.0 88.5 88.6 88.0 89.0 90.0 90.0 90.0 89.9
8-4 67.9 75.2 79.1 80.7 82.5 83.- 840 84.2 85.0 86 5 86.7 rt. 0 86.7 87.5 88.3 88.0 88,2
8-10 67.0 75.0 76.8 80.2 81.2 83.2 83 7 84.0 84... 8.0 86.6 8#.0 86.4 87.5 87.8 87.5 87.7

Ceiling 9-4 69.2 80.2 8$3.0 84.4 86,0 P-7.0 87.5 88.0 88,. 90.0 90.4 89.7 O.D 91.6 91,3 91.3 91.4
9-10 700 76. 80.4 82.:, 83.1 84.5 85.- 86 3 87.0 8.1 8U.8 88.1 89.0 90.0 90.3 96.0 90.0
10.4 70.2 77.8 81.1 82.1A 83.7 8,.5 84.3 85.5 867. S;,b 8".5 67.2 88.2 89.2 89 5 88.3 89.7

F 1 10,-10 68A, W)V0 83.5 8.5.? 87.4 87., 88.3 S8.7 8?9. 90 .5 Q1.4 90.6 91 1 9Ž.4 92.5 91.5 92,.2
It-' 67! 4 I S,8 tt8.0 84.9 n3.. a.) 0 4.0 4 4 4ý., 9n.1 #b . 95.PS4 96.7 97.0 W7.1 97.0 91",2
12 -4 th' 8, .8, . 82.3 84.2 85.4 8.5 $,, 1 8b7.0 8I 0 88.2 87.7 58.3 99.j 89.4 b6.3 Aq9.

1 !N D-0 ?1. 1V) 10 7.4 76t.5 80. a 81 . 82.4 •• S 84.2 84 7 S. ( 6_ 6 5 #6 7 36 $h,% 8.4 848.? 87.9 $8 0
?,3.4 71.3 76.o 79. •0*ý 40 q_'.. 81.! 8ý. b S4.•. a 8 4 5..3 84.8 0s5'? #$.7 86.4 86 f 67,1
70- G~t 7,1 9. 7 8 P 62.Z 82. 84 1.2 81-5 85.0i 86.1 $0.4 86.0 86. 84.' 8W. 55.0 $8.

14,6 8 1 746 k SO. 5958 1 0 A1 6 8Ž11 A). 0 6. 3)4 7 91.0 84. 4 85.. %S.6 85.4 Of. M

•St' SKIN TTNT

C Fo r de tI ed Ide r ip .i 4 o. 40 0oaton see Sec. 9 V -A.q and B.
14 -4 11-S It e 1 -i .* 5 Al IQ2 5 14 . 4 . 05 1 9., b 9t~ 0)9 9510 4k. 4 6.6 97. A W. ? WS
8;ton 10.9 WA6. 41 44. fS W2. 91. t 40.8 -. ý. -~ I 8 *.4, 91.0 1))~ 9)1 *%.V 94,6 9).5 42.6 -4 1

N4d W9d3 M. ljý 18-10 47.9 V4. ~50 93. 97.0 4* 0 WK46 ?.6 94.) 101. ý5 It' -I. 'ns-i" ;0'r 102- 10:.* 101 5 100.8

In iX.rtivr .lf. It-Il 67 S 89.0 08.$ ~ok 90W., q1 1j I27 11 1 4 ý 6) 9134'1.5 %410 94ý 3 9.5 93.0 92..j

Iv-108 AI ý~1- 70,4 74. 3 71.8 07.4 ?$.) 78.1 '3.9 t5.6 18.0 '9.8 0 7.3 64.) #6.J0 C bj.~ 46 .OZO .I
114 M41 ;4.1 71A.) 71 -253 k7 5 346 fs. 6 '8.0 v $.8 !0.1 44. 64.2 6? 0. 61.4 6.1.0 0.) 6
1901 W04 14-) 70.09 7 1 '$.1 70.3 )~ 1 6s.8 s.e*, 81.0 "0. 0 68.3 66.2 6-.0 61.4, 62.L01 *3

*For detailed description of thermocouple locations see Sec. IV-A and B.
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Table XV-A. VARIATION OF T MRATURES INSIDE SHELTER*

21 x 21 x 7 ft. shelter; 45 occ-upants;

7 c fm/occupant

I. 0 6 12 18 24 V0 364'2 44 S4 40 Go 77 7* 6 so Is 102 106 114 120 124 132 138 1"4 ISO 33'

:10 . 4 " :1 1 1 2: 12: 64: 51: 4111 I 51 7 491

* 1310 5.4 5.7 9.3 7.4 4.4 2.884.3 73.963. 63. 93. 43. 744 442 949 !6.4 75.0 M4. 92.0 WO9 7.9 8. 9. 3VI1- 64 746 0 73. 71. 74.9 IS.1 73.4 71. 73. 73.14 74.0 74.0 719 7. 4579 73.7 73.5 74.3 74.3 70.7 4 .4 70 7

M "4.2 422 77.4 I9.2 79.2 s0.1 92. g1. 90. to 82.3' 43. 13. 44. 3.1 44. '0,7 64 001 V49 4. 44 4. 51 4. 3 8vs 14.1 34.8 TO. 77.4 78. 0 78.3 76.3 79.8 77.32 4479.9 I9.9 40.3, 79.4 80.3 03.1 02.9 0.A 93.7 8.2 43. 1. 82. 0.4 8

* 312 43.3 76.2 so. I0. 81. 44.3 43.1 61.7 43.4 04.4 44.7 $3. 44.2 $64.7 08.14 67.2 65.7 04. 48. 87.4 84.2 WO. W65 0
4131 4.0 7. 736 7. 7.3 74. 7.9 77.1 79.1 "A. 81.1 MO. 79.3 80.4 6.1 .1 1 8.4 02.2 6. 82 7 80.4 82.9 03.0 82

3-1/2 ft O*1v
to IS-4 04.1 78.9 81.2 40.9 61.4 44.3 163.429.0 83.4 44.7 97.1 54.4 44.3 03.7 897 0. 57 044 8. 78 030 0. 0' 8
WD 03-3 40.3 73.0 77.1 74.0 78.9 40.0 79.9 79.0 79.2 54.0 41.3 81.2 40.0 40.3 03. 1 .3 42.2 02. 3. 05.3 42.9 83 0 83.0 03

1 ft I-.
*15-2 42.4 76.3 40.5 79.2 41.3 8.4.0 82.6 91.0 62.7 44.2 84.7 03.7 $3.6 03.7 U4.3 44.3 63.4 06.0 U0.0 04.6 01.3 00 0 88 7.
5413-1 36.4 75.0 733 75.3 77.1 70.2 77.5 77.8 78.8 74.3 54.4 79A* 79.4 79.9 42.4 A1.2 WO $ 1.$ 82.9 61 812 ý 0- 2.0 02.

8,. .11
3-1/2 ft .1..

? 34 44 77. 79.7 79.2 so.1 85. 81. 0 .0 87. 6:9 ":.1 8.3 11:0 841 87.3 85.6 9 47 85.2 84.7 84. 8. .1 0098 0
60 - 5.7 71. 76.7 74.3 77.8 79.4 7. 79. 403S1. 61 .$ 2. 40. So. sit 27 63. 8 43.9 4.1 4. 8 7. 4. e' 64.

1, Cornsr
3-1/2 ft I-.

U 13' 44.0 7.2 54. 79. 81.:1 83.:. 01.4 40.7 82. 2 43. 843 4. A.. 8. 84 3 50 4. 54 8. 8. 51 8. 77 6

15-i 40. 707 9. 75.3 74. 73. d7.0 7. 7.9 74.3 79.1 a 4.2 76.5 7. 81. 2 4 0.7 6353.7 92. 8 .9 8 3. 8.4 42.7 81. a 91

61 -1 59.8 769.0 72.9 74.3 74.9 42 7, 77.8 2 77.9 78,5788 79.1 793 4.911 4 0.9 $3.3, 82. 1 02.4 $3.0 83.3 44.7 $.43. 03.9 $a..0 8

a- 1 .4 44.9 72.0 7 .68 74 3 7. 74.0 743 O7. 77.8 79.2 79.4 74.6 40.0 81.9 62.2 40.7 81.1 82.2 412.4 91.8 81.9 87.1 4133- (4.1 4.4 70.7 72.3 75.'3.7Z 58 4 777. 74.3 7M. 79.2 Mo. 78.9 81.1 40.7 80.7 40.2 81.8 42.1 01.3 41.9 62.7 82
7.11170 3-7 39, 7 77.9 11.7 80.2 81.7 847 84.8 44.5 193.1 63.4 07.2 07.7 44.2 06.3 89.7 893 89.14U.5 49.4 90.0 U.1 "A. 90.0 90

4-1 39.1 71. 1 7 , 74 737 7 4 774 7. 7917. 8.4 8. 612 89 833 24 4.9 04 .1 4.7 4. 4.0 85 6.-7 0, . 7.4 74.4 7 74 4 9 71.1 77.2 76. 74.4 79.4 To99. 76.9 81 1. 813 81 S 82.i2 9 4 81.8 02. 83 7 8

S-1 56.9 74.4 79.2 80.ý 9U.) 64.1 14 - 44 9 63.2 04 .9 09 54.0 Go.0
S.10 59.C 74.0 MA. 40.3 83.0 44.0 A83.2 01.2 R3.9 477 19. 846 58 8. 91.1 69 1 -6. 79.3 90.8 50. "0 I I 0. 91:7 91
6 4 10 3.3 49. 73.2 74.46 7M3 77,A 74.4 77.0 76.3 79.1 54. 81. of .6 99. 91. 9I. 'a. 0. 41.0 91. 91. 1. 9

7.4 ,1.3 49. 73. 73. 73' 744 7 .4 7.2 7977.5 76.4 79 7.0 7.50 1. 0 40. 4 80.7 81. 81. 027 4. 2.%27 4

84 36.7- 4 9.1 0 71.3 72. 9 74.03W 74.S 76.4 76.4 77.5 76.2 794V9.6 1 9. 9 79. $. 0 .Z 4. 7 , 617.2461.4 2.6 .9 .93 4 7 ,0 81.39 8 02. 4
6.4 A 7. 6 4 7. 73.4 72.4 75.4 76.7 7_4. 1?.32 7. 77.4 71.3 9. 79. 44 7 6.3 4074.5 000 . 2 54.7 81 1 .1 44 .M 0 3 01. 2 .1 62.1 a
7.01.0 9 $14 3 0.9 ' 1 74.9 75.1 77.0 74.9 541.94 .10 1.579 79.643. 61.3 4 4.3.4$.0 6. O 4.9 6. 3$ 40 6
9W 1:1 701- 14.41 71.21 79. 7. 2 79.2 7:4. 7.4 7.46 1. 41.1 54.4 63.7 87.3 I4. 8. 2 8 4 877 7.4 So 1 048 4

'1. 7 1. 73. 73. 7.3 1 4. 4. . 70 767. 49 5. 9 o 4. 23 8 4 83. 63. 43. 43.1 8. 403x 74. 81. 4 &a "I T 3 82.so 01, 42.so7 82. 8. 820 8. 83. 2
C11 I " 10-1 34.7 74.4 54.4 42 4.4 84.0 so- 008.4 7. " 46. 91.4 90. U..0 542 9. 9. 4.6. 23

32-4 4 7. 0 5. 73. ft. 77. 76. 79. 748.6 $73. 92.3 92.2 430- 03.4 47.4 62.8 637A 03$ 4

33-0.46 441 7'34: p37,51 7'S 37 7, 196 IT4 I4, In.: ?796 M in 794"W 4 I "54 1 11 :1: 0 .40. 15:.6 2181
Flw 1-t 40. 470 71.4 "A2,6 3 3.5 7U.0 44 73. 73,9 WI 49. 3.0 79.23363.4.1.7.7.7.644999 s7o6~ 19 4478 '93 6 98 42 6 a 0. 0 il 1.940 "A ' W)lo

1"~~'9 50.4 '?a. I4 54.3 14 "155 54 711. "771 ̀ G *3* ,1 l' I. 2ý 41100- 30. 47 79. 71. U8. 15. 0:.0 13.1 :13.4 S1. 76 771 77.1
MM74.1 78.3o 77. 6 -

7I. 6. 76.9 P4.7 IS.? I9. I'I 0 79 T

13-.7 45.7 61.% 14.4 914. It,) IS') 97.7 5 4l 073S :4.9 ft, so. 1 0 a 10. 0 3..9l o $ il a

is. ":3 .1 Of44 I94 11.' 1,1: 93-! 641ý 9:3 5401 19 66 54 906 46s a e I

14ý6~~~~49 wit 44.4 8481 Pg.4 PUS 548 I4r# 54.9 ft. 44 G oIo

SUM41119.24 99P

IN 3 54 .0!3 64.3A I 0 43 4.9 33 1 1 4/ a9 01.? 14 0.

'o.* a.91 103 I3 . 998 107 490 993.66"

An

For detailed description of thermocouple loications see Sec. IV-A and B.
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OF TEMPERATURES INSIDE SHELTER*

7 ft. shelter; 45 occupants;
7 c fm/occupant

86 8 4 71 94 102 9oo 1~zz14 1230 116 132 1361 4 15 116 16 it 17 tolo IA6 14, 198 70. 230 116 :2 . 234 234 1134 5 4 10

S3. 914 831 74.4 82 '7.9 81 7. 717 34. 1 12. 849 1 1 830 93 3 , a~ . 6 42 7. 2.3 7 6. , 79 77 1 7 971. 8' C 74. 5 32 .
874 748 7. 738 ' 3 69 74 ' 7 7 3 6 76 174 1 1, 6 73 1 -0 h 7 oi a. 7 T7. 29 7. 6 3. 1) ,0 177.

38. 1.7 84. P4. 8.7 7 7 .6t a, ; 9' 64. 84. 8 6.1 879 5 971 99 87. S5. 6! 797. 5,7 .81', 16.3 1 1 87.113 89. '1 21.1479 9 9. 9 62 7.4 a0 97- 7 6. 3 41. 81.4 61.6 80., 82.,. ,j ml 819 A1 I A2 4, * 0s 81. 92. 22. 83. 63

* 8 6.4 481 8.3 8. 6.7 5884 87. 91. 76 6. 876 62 8. *9 7 3 . : .0 8 6 9 9 997 93.7 8, 7 91 ~ 8. 4180.1 ft.1 80. NO,: 80.8 81 al2. a1 82. 7e2 .2 14.7 827 .822. a1 9 : 3 70 92 27' 20 82.7 91 9 09. 81.0 81. .. '03 1
* 84.7 67.2 84.6 86.1 61.7 8~~~~~~ 4.' 87. 8I. 8'.. 68. 978 8. 79 07 7 , ~770 9 0 88 60 86 7 V . 90. 8928. 8. 98 3 8.78:3 9

2 72. 8 6.0 8 4. 83.s 64. 87 1, 75.: 84. 89.2 14. 867 2.:5':69 ' 9 ' ,1 9 79 79 848. 6. 76 8. 9 9
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Table XVI-A. VARIATION OF TEMPERATURES INSIDE SHELTER"

21 x 21 x 7 ft. shelter; 45 occupants;
15 c fm/occupant
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"" M.- 8001 . ,4 "431 6. 91 6 3 IS.2.t4i 597 i 7 6 V 74 . 0 6 1 Z as ! 80 6. ). 6 I. 625 6. 14 6 4 17 4 3 4 4 3 4 0
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•*For detailed description of thermocouple locations see Sec. IV-A and B.



MPERATURES INSIDE SHELTER"

shelter; 45 occupants;
m/occupant
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coupe loatios se Sec IV~ andB.o
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